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The  experiment  examined  the  ship  handling  performance  of  pilots  transiting  a  narrow  waterway  under  severe  wind  conditions 
and  attempted  to  discern  the  variability  in  that  performance  which  could  be  attributed  to  wind  level  and  direction,  ship  dan 
and  stability,  channel  width,  channel  banks,  as  well  as  pilot  background. 

Three  classes  of  vessels  were  used  (two  tankers  and  an  LNG)  and  three  levels  of  wind  wore  employed,  including  conditions 
between  40  and  66  knots.  ^ 

<1t~Was  found  that  the  pilots  on  the  LNGs  had  significantly  more  difficulty  than  when  the  tankers  ware  being  conned.  When 
transiting  through  a  channel  with  vertical  banks,  less  difficulties  were  encountered  than  with  the  same  channel  without  banks. 
Differences  in  channel  width  affected  the  pilots  on  the  LNG  to  a  greater  degree  than  those  pilots  who  conned  the  tankers. 

O  verall,  the  pilots  were  shown  to  be  capable  of  overcoming  the  wind-based  instabilities  and,  therefore,  differences  in  perfor¬ 
mance  that  were  noted  were  due  to  other  causes,  such  as  ship  characteristics.  The  LNG  vessel  was  shown  to  have  an  excep¬ 
tionally  high  level  of  directional  stability  at  high  wind  levels^ 

7.  Kay  WwO  and  Doevmem  Analysis. 

17a.  0— ripten 

CAORF 

Restricted  Waterways 

Channel  Banks 

Ship  Stability 

Channel  Width 

Track  Keeping 

Maneuverability 

Wind 

Pilot  Performance 

7fc  MwmtUrWOpsw  twOC  Items 

7*.  COCATI  FMd/OfP«p 

Approved  for  Rtiaaia 
NTIS 

Springfield, Virginia 


aft  m - *-  - -  —  «■»*-»- 

IVwMwIVf  WnHUOIR  1 IW 

Report)  UNCLASSIFIED 

RH 1 

20.1—prHy  CMftoaOon  (This 

**  UNCLASSIFIED 

22.  Prise 

Executive  Summary . . ES-1 

CHAPTER  1  -  MTSODUCTION 


1.1  Purpose . •••• .  1-1 

1.2  Background . 1-1 

1.3  Overview . 1-2 

1.4  Experiment  Description .  1-3 


CHAPTER  2  -  METHODOLOGY 


2.1 

2.2 


Experiment  Variables . 

Experiment  Design  * . . . *  * » • . 

2.2.1  Experiment  Model  and  Statistical  Analyses . 

2.2.2  Performance  Measures . 

2.2.2. 1  System  Performance  . 

2.2.2. 1 . 1  Absolute  Value  of  Off-Track  Deviation  •  •  •  • 

2. 2. 2. 1.2  Consistency . 

2. 2. 2. 1.3  Factored  Absolute  Value  of  Off-Track 

Deviation . 

2.2.2. 1.4  Boundary  Penetrations . 

2.2.2.2  Pilot  Performance  Measures . 

2. 2. 2. 2.1  Ship  Speed  . 

2.2. 2. 2. 2  Rudder  Angle** ************************ 

2. 2. 2. 2. 3  Zero  Angle  Rudder  Crossings . 

2. 2. 2. 2. 4  Kick  Turns . 


2-1 

2-1 

2-1 

2-3 

2-3 

2-3 


2-4 


.:  *%  ■' '  ^  -t--' 


r,  -  •« ; •  -. 'i •  .. 


,-  T' t  „/**&  3  jfc&fiY- 


>.••••••*•  ..••••••■  #«'•'*  »••••  •  •• 


2.3.1  Scenario . . . . . 

2.3.2  Vessel  Characteristics  •«•*****••  •  *  *•  • . . 


2.4  Test  Subjects 


2.5  Procedures . 

2.5.1  Test  Subject  Familiarization . . 

2.5.1.1  CAORF  Familiarization . 

2.5.1.2  Bridge  Familiarization . 

2.5.1.3  Ship  Handling  Familiarization 

2.5.2  Experiment  Runs . 

2.5.3  Final  Debriefings . .  •  . . 


2.6  Data  Collection . 

2.6.1  Computer  Summary  Datalogs  . 

2.6.2  Precision  Navigation  Data  Printouts 

2.6.3  Summary  Plots . 


CHAPTER  3  -  RESULTS  AND  DISCUSSION 


3.1  Introductory  Summary  •  • 

3.1.1  Chapter  Contents 

3.1.2  Summary . 


3.2  Statisical  Analyses  of  Performance  Measures 

3.2.1  Main  Comparisons . . 


3.2.1. 1  Absolute  Value  of  Off-Track  Deviation, 
IXT  (M.C.) . 


3.2.1.2  Consistency  of  Off-Track  Deviation,  C 

3.2.1.3  Ship  Speed,  S  (M.C.) . 

3.2. 1.4  Boundary  Penetrations  (M.C.) 


3.2.1. 3  Factored  Absolute  Maanihirts  oi  Off- 

Track  Deviation,  IXIp  (M.C.)  •••••••••••••••••••  3-7 

3.2.1.6  Rudder  Effects  * . . . . . .  34 

3.2.1.6.1  Rudder  AngleftliUO  •*•••••••••••••••••  3-* 

3.2.1.&£  Zero  Rudder  Crossings  . .  3-9 

3.2.2  Bank/No  Bank  Comparisons  (B/NB)  . .  3-9 

3.2.2. 1  Factored  Absolute  Magnitude  of  Off-Track 

Deviation,  T3CTp  (B/NB) . 3-10 

3.2.2.2  Ship  Speed  and  Boundary  Penetrations  (B/NB)  •.«•••  3-10 

3.2.2.3  Rudder  Effects  (B/NB) . . .  3-12 

3.2.3  Channel  Width  Comparisons  (C.W.) .  3-12 

3.2.3. 1  TXT  and  Factored  TXT . .  3-13 

3.2.3.2  Consistency,  C  (C.W.) .  3-13 

3.2.3.3  Ship  Speed,  S  (C.W.) .  3-1* 

3.2.3.*  Boundary  Penetrations  (C.W.) .  3-15 

3.2. 3.5  Rudder  Effects  (C.W.) .  3-15 

3.2.*  Rudder  Effects  Comparisons  (R.E.) .  3-16 

3.2.4. 1  Absolute  Value  of  Off-Track  Deviation, 

1X1  (R.E.) .  3-17 

3.2. 4.2  Factored  Absolute  Value  of  Off-Track 

Deviation,  TXT  f  (R.E.) .  3-20 

3.2.4.3  Consistency,  C  (R.E.) .  3-20 

3.2. *.*  Ship  Speed,  S  (R.E.) .  3-20 

3.2. *.5  Boundary  Penetrations  (R.E.) . 3-20 

3.2. *.6  Rudder  Crossings  and  Rudder  Usage  (R.E) .  3-20 

3.2. *.7  Rudder  Effect  Conclusions  .  3-21 

3.2.5  Special  Experience  Comparison  (S.E.) .  3-21 

3.3  Summary  Ground  Tracks .  3-23 

3.3.1  80K  Tanker .  3-2* 

3.3.2  30K  Tanker  .  3-2* 


ill 


3.3.3  LNG  Carrier  . . . . . .  3-24 

3.3.4  Summary  Ground  Track  Conclusions . . .  3-28 

3.4  Pilot  Population  Parameter  Estimations .  3-28 

3.5  Performance  vs.  Wind  Stability .  3-30 


CHAPTER  4  -  CONCLUSIONS  AND  RECOMMENDATIONS 
Conclusions  and  Recommendations .  4-1 


o 


Appendix  A  The  Computer  Aided  Operations 

Research  Facility  (CAORF)  .  A-l 

Appendix  B  Effect  of  Wind  on  Ship  Controllability, 

Stability  and  Maneuverability . . .  B-l 

Appendix  C  Experimental  Design  and  Statistical  Analysis .  C-l 

Appendix  D  Test  Subject  Procedural  Information .  D-l 


LSTOifMB 

t* 

1- 1  Basic  Experiment  Desist  . . 14 

2- 1  Run  Order  Matrix  for  Mixed  Design  -  Main  Comparison .  2-2 

2-2  Run  Order  Matrix  for  Mixed  Design  -  Bank  Effects  . . 2-4 

2-3  Scenario  Conditions,  Tanker  Runs . 2-9 

24  Scenario  Conditions,  LNG  Carrier  Runs . .  •  .  2-10 

2-5  Summary  of  Final  Debriefing  Questions  •••••••**• . 2-20 

2-6  Computer  Summary  Datalog  Parameters  •  •  •  • . 2-21 

2- 7  Precision  Navigation  Data  Parameters .  2-21 

3- 1  Absolute  Magnitude  of  Distance  Off-Track,  TXT 

(Main  Comparison)  . . 34 

3-2  Consistency,  C  (Main  Comparison) .  3-2 

3-3  Ship  Speed,  S  (Main  Comparison) .  3-6 

34  Number  of  Boundary  Penetrations  (Main  Comparison) .  3-7 

3-5  Factored  X  For  Speed  and  Consistency,  iXlp 

(Main  Comparison) .  3-8 

3-6  Absolute  Magnitude  of  Rudder  Angle  (Main  Comparison) .  3-9 

3-7  Number  of  Zero  Rudder  Crossings  (Main  Comparison) .  3-10 

3-8  Factored  TXT  (Banks/No  Banks) .  3-11 

3-9  Number  of  Boundary  Penetrations  (Banks/No  Banks) .  3-11 

3-10  Rudder  Angle  (Banks/No  Banks) .  3-12 

3-11  Average  Rudder  Angle  (Channel  Width) .  3-16 

3-12  Absolute  Magnitude  of  Distance  Off-Track,  TXT 

(S.E.  Comparison) . 3-22 

B-l  Conditions  Studies  . .  B-2 

B-2  Trim  Conditions . B-7 

C-l  Experimental  Matrix  for  Mixed  Design 

(One  Between/Two  Within) .  C-7 

C-2  Run  Order  Matrix  for  Mixed  Design .  C-8 

C-3  Run  Order  within  Experimental  Design  Matrix  for  Mixed 

Design  Test  of  Bank  Effects .  C-9 

C4  Experimental  Design  Matrix  for  Mixed  Design 

(One  Between/Two  Within) .  C-10 


v 


LBT  OF  TABLES  (CONT) 


T4b  Atp» 

C-5  Analyses  of  Variance  Source  Table,  Anova  Mattel  #1, 

"Main  Analyses" . . C-U 

C-6  Analyses  of  Variance  Source  Table,  Anova  Model  #2, 

"Bank  Effects  Analyses"  •••«•••••••*•*•••••• . C-12 

C-7  Analyses  of  Variance  Source  Table,  Anova  Model  #3, 

"Channel  Width  Analyses’ . . *••• . .  C-13 

C-8  Analyses  of  Variance  Source  Table,  Anova  Model  #4, 

"Pilot  Experience  Group  Analyses" .  C-14 

C-9  Analyses  of  Variance  Source  Table,  Anova  Model  #3 

"Rudder  Effect  Analyses"  . * .  C-15 

C-10  "Main  Analyses”  Source  Table,  Absolute  Magnitude 

Off-Track  Deviation  (Legs  1-5) .  C-16 

■  C-l  1  "Main  Analyses”  Source  Table,  "Factored"  Off-Track 

Deviation  (Legs  1-5) .  C-17 

C-12  "Main  Analyses"  Source  Table,  Consistency  (Legs  1-5 

Plus  Turn) .  C-18 

C-l 3  "Main  Analyses"  Source  Table,  Boundary  Penetrations  (Leg  1-5)  *  •  C-19 

C-14  "Main  Analyses"  Source  Table,  Ship  Speed  (Legs  1-5) .  C-20 

C-15  "Main  Analyses"  Source  Table,  Rudder  Angle  (Legs  1-5) .  C-21 

C-16  "Main  Analyses"  Source  Table,  Zero  Rudder  Crossings 

(Legs  1-5  Plus  Turn) . C-22 

C-17  Relationship  Among  Means  for  Ship  Type  (A)  by 

Performance  Measure .  C-23 

C-18  Relationship  Among  Means  for  Wind  Ratio  (B)  by 

Performance  Measure .  C-24 

C-19  Relationship  Among  Means  for  Wind  Side  (C)  by 

Performance  Measure .  C-25 

C-20  Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 

By  Wind  Side  (C)  for  Absolute  Magnitude  Off-Track  Deviation  •  •  •  •  C-26 

C-21  Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 

for  "Factored"  Off-Track  Deviation  .  C-27 

C-22  Relationship  Among  Means  for  Wind  Ratio  (B)  by  Wind  Side  (C) 

for  "Factored"  Off-Track  Deviation  .  C-28 

C-23  Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 

by  Wind  Side  (C)  for  "Factored"  Off-Track  Devia  Hon .  C-29 


LIST  OP  TABLES  (CONT) 


Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
for  Consistency . . . . . 

Relationship  Among  Means  for  Wind  Ratio  (B)  by  Wind  Side  (C) 
for  Consistency . . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Wind  Side  (C)  for  Consistency . . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Wind  Side  (C)  for  Boundary  Penetrations . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
for  Ship  Speed . 

Relationship  Among  Means  for  Wind  Ratio  (B)  by  Side  (C) 
for  Ship  Speed . . . . . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Side  (C) 
for  Ship  Speed . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Wind  Side  (C)  for  Ship  Speed . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
for  Rudder  Angie . 

"Bank  Effects  Analyses"  Source  Table,  Absolute  Magnitude 
Off-Track  Deviation  (Legs  1-5) . . 

"Bank  Effects  Analyses"  Source  Table,  "Factored"  Off-Track 
Deviation  (Legs  1-5) . . . 

"Bank  Effects  Analyses"  Source  Table,  Consistency 

(Legs  1-5  Plus  Turn) . 

"Bank  Effects  Analyses"  Source  Table,  Boundary  Penetrations 
(Legs  1-5) . 

"Bank  Effects  Analyses"  Source  Table,  Ship  Speed  (Legs  1-5)  *  * 

"Bank  Effects  Analyses"  Source  Table,  Rudder  Angle 
(Legs  1-5) . 

"Bank  Effects  Analyses"  Source  Table,  Zero  Rudder 
Crossings  (Legs  1-5  Plus  Turn) . 

Relationship  Among  Means  for  Bank  Effects  (F) . 

Relationship  Among  Means  for  Bank  Effects  (F) 

by  Wind  Ratio  (B)  for  "Factored"  Off-Track  Deviation  (Feet)  •  • 


LIST  OF  TABLES  (CONT) 


R 


Relationship  Among  Means  for  Bank  Effects  (F) 
by  Wind  Ratio  (B)  for  Rudder  Angie . . .  C 

Relationship  Among  Means  for  Bank  Effects  (F) 
by  Wind  Ratio  (B)  by  Side  (C)  for  Boundary  Penetrations .  C 

"Channel  Width  Analyses"  Source  Table,  Absolute 
Magnitude  Off-Track  Deviation .  C 

"Channel  Width  Analyses"  Source  Table,  "Factored" 

Off-Track  Deviation . . . . .  C-51 


"Channel  Width  Analyses"  Source  Table,  Consistency .  C-52 

"Channel  Width  Analyses"  Source  Table,  Boundary  Penetrations  *  *  C-53 


"Channel  Width  Analyses"  Source  Table,  Ship  Speed .  C-54 


"Channel  Width  Analyses"  Source  Table,  Rudder  Angle 

"Channel  Width  Analyses"  Source  Table, 

Zero  Rudder  Crossings . . 

Relationship  Among  Means  for  Channel  Width  (D) 
by  Performance  Measures . . 


C-55 


Relationship  Among  Means  for  Channel  Width  (D)  by  Ship  Type  (A) 
for  Absolute  Magnitude  Off-Track  Deviation . 


Relationship  Among  Means  for  Channel  Width  (D)  by  Wind  Ratio  (B) 
for  Absolute  Magnitude  Off-Track  Deviation . . 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Channel  Width  (D)  for  Absolute  Magnitude  Off-Track 
Deviation  . . . 


Relationship  Among  Means  for  Channel  Width  (D)  by  Ship  Type  (A) 
for  "Factored"  Off-Track  Deviation . . . 

Relationship  Among  Means  for  Channel  Width  (D)  by  Wind  Ratio  (B) 
for  "Factored”  Off-Track  Deviation . 

Relationship  Among  Means  for  Ship  Type  (A),  Wind  Ratio  (B),  by 
Channel  Width  (D)  for  "Factored"  Off-Track  Deviation . 

Relationship  Among  Means  for  Channel  Width  (D) 

by  Ship  Type  (A) . 

Relationship  Among  Means  for  Consistency  for  Channel 

Width  (D),  by  Ship  Type  (A),  by  Wind  Ratio  (B) . 

Relationship  Among  Means  for  Channel  Width  (D) 
by  Ship  Type  (A)  for  Ship  Speed . 


viii 


LIST  OF  TABLES  (CONT) 


w\ 


Table  Page 

C-61  Relationship  Among  Means  for  Channel  Width  (D) 

by  Wind  Ratio  (B)  for  Ship  Speed .  C-67 

C-62  Relationship  Among  Means  for  Channel  Width  (D) 

by  Side  (C)  for  Rudder  Angle . .  •  •  •  C-68 

C-63  Relationship  Among  Means  for  Zero  Rudder  Crossings  for 

Channel  Width  (D)  by  Ship  Type  (A),  by  Wind  Ratio  (B) .  C-69 

C-64  Relationship  Among  Means  for  Channel  Width  (D) 

by  Wind  Ratio  (B)  for  Boundary  Penetrations .  C-70 

C-65  Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 

by  Channel  Width  (D)  for  Boundary  Penetrations .  C-71 

C-66  "Rudder  Effect  Analyses"  Source  Table  Absolute  Magnitude 

Off-Track  Deviation . C-72 

C-67  "Rudder  Effect  Analyses"  Source  Table  "Factored" 

Off-Track  Deviation . .  C-73 

C-68  "Rudder  Effect  Analyses"  Source  Table  Consistency . C-74 

C-69  "Rudder  Effect  Analyses"  Source  Table 

Boundary  Penetrations .  C-75 

C-70  "Rudder  Effect  Analyses"  Source  Table  Ship  Speed .  C-76 

C-71  "Rudder  Effect  Analyses"  Source  Table  Rudder  Angle .  C-77 

C-72  "Rudder  Effect  Analyses”  Source  Table  Zero  Rudder  Crossings  •  •  •  C-78 

C-73  Relationship  Among  Means  for  Rudder  Effect  (Leg  1,  Leg  4) 

by  Performance  Measure . * .  C-79 

C-74  Relationship  Among  Means  for  Wind  Ratio  (B),  by  Rudder  Effect  (R) 

(Legs  1  and  4)  for  Absolute  Magnitude  Off-Track  Deviation .  C-80 

C-75  Relationship  Among  Means  for  Wind  Side  (C)  by  Rudder  Effect  (R) 

(Legs  1  and  4)  for  Absolute  Magnitude  Off-Track  Deviation .  C-81 

C-76  Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Absolute  Magnitude 
Off-Track  Deviation .  C-82 

C-77  Relationship  Among  Means  for  Ship  Type  (A)  by  Rudder  Effect 

(R)  (Legs  1  arid  4)  for  "Factored"  Off-Track  Deviation .  C-83 

C-78  Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  "Factored” 

Off-Track  Deviation .  C-84 


ix 


LIST  OF  TABLES  (CONT) 


Relationship  Among  Means  for  Ship  Type  (A)  by  Rudder  Effect 
(R)  (Legs  1  and  4)  for  Consistency . 

Relationship  Among  Means  for  Wind  Side  (C)  by  Rudder  Effect 
(R)  (Legs  1  and  4)  for  Consistency . 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Consistency . 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Boundary  Penetration  *  • 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Boundary  Penetration  for 
Starboard  Wind . 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B), 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Boundary  Penetration 
for  Port  Wind . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Rudder  Effect  (R)  by  Wind  Side  (C)  for  Boundary  Penetration 

Relationship  Among  Means  for  Ship  Type  (A)  by  Rudder  Effect 
(R)  (Legs  1  and  4)  for  Ship  Speed . 

Relationship  Among  Means  for  Wind  Ratio  (B)  by  Rudder  Effect 
(R)  (Legs  1  and  4)  for  Ship  Speed . * . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Ship  Speed  for 
Starboard  Wind . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 

by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Ship  Speed 

for  Port  Wind . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Rudder  Effect  (R)  by  Wind  Side  (C)  for  Ship  Speed . 

Relationship  Among  Means  for  Wind  Ratio  (B)  by  Rudder  Effect 
(R)  (Legs  1  and  4)  for  Rudder  Angle . . . 

Relationship  Among  Means  for  Wind  Side  (C)  by  Rudder  Effect. 
(R)  (Legs  1  and  4)  for  Rudder  Angle . 

Relationship  Among  Means  for  Ship  Type  (A)  by  Wind  Ratio  (B) 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Rudder  Angle . 

Relationship  Among  Means  for  Ship  Type  (A),  by  Wind  Ratio  (B) 
by  Rudder  Effect  (R)  (Legs  1  and  4)  for  Zero  Rudder  Crossings  * 


C-95  Relationship  Among  Mean* for  Wind  Ratio (B),by  Wiftd‘51de<C) 

by  Rudder  Effect  (R)  (Legs  1  and  #)  for  Zero  Rudder  Croseings  •••  C-iOI 

C-%  "Pilot  Experience  Group  Analyses"  Source  Table,  Absolute 

Magnitude  Off-Track  Deviation  C-M? 

C-97  "Pilot  Experience  Group  Analyses"  Source  Table,  Consistency  •  •  •  •  C-103 


C-98  "Pilot  Experience  Group  Analyses"  Source  Table, 

Boundary  Penetrations . . . C-10* 

• 

C-99  "Pilot  Experience  Group  Analyses"  Source  Table, 

Ship  Speed . C-105 

C-100  Relationship  Among  Means  for  "Pilot  Experience  Group" 

by  Performance  Measure . C-106 

C-101  Relationship  Among  Means  for  Pilot  Experience  Group  (E) 
by  Wind  Ratio  (B),  by  Wind  Side  (C)  for  Absolute  Magnitude 
Off-Track  Deviation . C-107 

C-102  Confidence  Intervals  (90%)  for  Absolute  Magnitude 

Off-Track  Deviation  and  Consistency . C-10S 


Bask  Scenario . . . ••• . . 

Vessel  Characteristics,  30,000  DWT  Tanker  •  •  •  •  •  • 

Vessel  Characteristics,  80,000  DWT  Tanker  . . . 

Vessel  Characteristics,  LNG  Carrier  . . . . 

Typical  Weather  Forecast  . . . . . . 

Maneuver  Familiarization  Diagram . . 

Desired  Track  Sheet . . . 

Channel  Width  Comparison,  Absolute  Value  of 

Off  -Track  Deviation . . . 

Channel  Width  Comparison,  Factored  Value  of 

Off-Track  Deviation . 

Charnel  Width  Comparison,  Consistency . 

Channel  Width  Comparison,  Ship  Speed  . 

Channel  Width  Comparison,  Boundary  Penetrations . 

Channel  Width  Comparison,  Rudder  Crossings  . 

Steady  State  Rudder  Angie,  LNG  Carrier  . 

Steady  State  Rudder  Angie,  LNG  Carrier  . 

Steady  State  Rudder  Angie,  30,000  DWT  Tanker  . 

Rudder  Effects  Comparison,  LNG  Carrier  . 

Rudder  Effects  Comparison,  80,000  and  30,000  DWT 

Tankers . 

Bask  Summary  Ground  Track  Chart . 

Summary  Ground  Tracks,  80,000  DWT  Tanker  . 


Summary  Ground  Trade*,  30,00ODWT  Tanker  . . 

Summary  Ground  Tracks,  LNG  Carrier 

UlXT  Intervals  (90%  Confidence  Level)  . 

PC  Intervals  (90%  Confidence  Level)  . . . 

Ship  Turn  Rates,  No  Wind . . 

Ship  Turn  Rates,  65  Knot  Wind  . 

Cutaway  of  CAORF  Building . * . 

Major  CAORF  Subsystems  . * . . . 

Typical  Simulated  Visual  Scene  at  CAORF . 

Control  Station . . . 

Human  Factors  Monitoring  Station . 

Stability  Analysis  of  Mariner-Class  Vessels  by  Eda . 

Equilibrium  Rudder  Angles  Versus  Wind  and  Direction  for 
30,000  DWT  Tanker . 

Eigenvalue  (Real  Part)  Versus  Wind  Speed  and  Direction  for 
30,000  DWT  Tanker  . 

Equilibrium  Rudder  Versus  Wind  Speed  and  Direction  for 
80,000  DWT  Tanker . 

Eigenvalue  (Real  Part)  Versus  Wind  Speed  and  Direction  for 
80,000  DWT  Tanker . 

80,000  DWT  Tanker  Yaw  Response  Induced  by  Small 
Perturbations  . . . 

Equilibrium  Rudder  Angles  Versus  Wind  Speed  and  Direction  for 
LNG  Carrier . . . 

Eigenvalue  (Real  Part)  Versus  Wind  Speed  and  Direction  for 
LNG  Carrier . 

Turning  Circles  for  Maximum  Starboard  Rudder . . 


LBroFuusn^m 

Pleura 

B-10  Maneuver  Capability  Initiated  from  a  Beam  Wind  Condition .  B4 

B-ll  LNG  Carrier  Maneuvering  Capability  initiated  from  a  Beam  Wind 

Using  Kick  Rudder .  B-B 

D-l  Ship  Characteristic  Experiment  Test  Subject 

Experience . . .  D-5 

D-2  Engine  and  Rudder  Orders  Data  Sheet .  D-d 


J 


EXECUTIVE  SUMMARY 


COMPARISON  OF  THE  MPACT  ON  PILOTING  PERFORMANCES  OF 
EXTREME  WIND  FORCES  UNDER  VARIABLE  CONDITIONS  OF  SMP  CLASS 
AND  STABILITY,  CHANNEL  WIDTH,  AND  CHANNEL  BANK  FORCES 


1.0  BACKGROUND 

A  portion  oi  the  Maritime  Research 
Program  conducted  at  CAORF  since 
1977  has  been  concerned  with  vessel 
transiting  of  harbors  and  narrow 
waterways.  The  work  has  been  ac¬ 
complished  using  the  full  capabilities 
of  the  CAORF  Ship  Maneuvering  Sim¬ 
ulator.  It  is  within  this  area  that  the 
questions  of  "how"  a  pilot  or  ship 
handler  perceives  and  accomplishes  his 
tasks  in  restricted  waterways  and 
"what"  aids  assist  in  the  assessment 
and  accomplishment  of  the  tasks  have 
been  addressed. 

Numerous  papers  in  recent  ship  hydro¬ 
dynamics  literature  have  discussed 
problems  regarding  ship  stability  and 
transiting  under  heavy  wind  condi¬ 
tions.  Off-line  fast-time  computer 
studies  at  CAORF  have  shown  that 
different  ships  are  subject  to  varying 
levels  of  instability  which  are  depen¬ 
dent  on  both  the  magnitude  of  wind 
velocity  (compared  with  ship's  speed) 
and  the  direction  of  the  wind  (relative 
to  ship's  bow).  The  effects  of  this 
basic  ship  instability  due  to  wind  have 
been  shown  to  lessen  when  an  auto¬ 
pilot  is  used  to  steer  the  vessel.  How 
well,  though,  does  the  human  com¬ 
pensate  for  this  ship  characteristic? 
Is  pilot  control  performance  related  to 
the  varying  levels  of  stability  or  are 
other  ship  or  channel  characteristics 
more  pertinent  to  ship-handling  per¬ 
formance?  Also,  what  is  the  quan¬ 
tification  of  the  variability  of  piloted 
controllability  across  the  wide  back¬ 
ground  and  experience  of  pilots?  It  is 


this  series  of  questions  which  formed 
the  basis  for  the  investigation 
reported  herein,  a  part  of  the  CAORF 
Ship  Maneuverability  Research  Area 
studies. 

The  study  examined  the  ship  handling 
performance  of  pilots  transiting  a  nar¬ 
row  waterway  under  severe  wind  con¬ 
ditions.  The  specific  objectives  of  the 
experiment  were  to: 

o  Determine  the  changes  in  ship 
handling  performance  for  a  re¬ 
presentative  group  of  experi¬ 
enced  pilots  under  several 
extreme  wind  conditions. 

o  Determine  if  this  performance  is 
dependent  upon  inherent  wind- 
induced  ship  instabilities. 

o  Determine  if  this  performance  is 

dependent  upon  the  class  of 
vessels  involved. 

o  Determine  if  the  performance  is 

dependent  upon  the  channel 
width. 

o  Determine  if  performance  is 

affected  by  the  inclusion  of  real¬ 
istic  bank  effects. 

o  Determine  if  performance  is 

affected  by  the  background/ 
experience  of  the  pilots. 


2.0  EXPERIMENT  DESCRIPTION 

The  experiment  compared  ship-han¬ 
dling  performance  in  a  narrow  channel 


using  three  ship*  (30K  DVT  tankw, 
tOK  DVT  tanker,  and  125K  m3  LNG 
carrier),  three  wind  magnitudes  (*0, 
30,  and  <*  knots),  and  two  wind  dkee» 
tions  (port  and  starboard).  Paragraph 
3.1  contains  a  description  of  the 
channel  that  was  used. 

Eighteen  experienced  pilots  drawn 
from  piloting  organizations  throughout 
the  country  were  used  for  the  basic 
experiment.  Each  mariner  piloted  a 
single  ship  similar  to  the  class  of 
vessel  that  he  had  previously  experi¬ 
enced  in  his  'Veal-world"  background. 
Experimental  data  were  obtained  and 
examined  for  a  total  of  six  runs  for 
each  pilot. 

A  channel  width  variable  was  also  de¬ 
signed  into  the  experiment.  An  800- 
foot  channel  was  selected  for  the 
major  portion  of  the  test  run  scenario, 
but  a  600-foot  segment  was  included 
as  the  last  segment  of  each  run  for 
comparison  with  the  first  segment. 
The  conditions  of  segment  1  (first 
major  segment)  were  identical  with 
those  of  segment  3  (last  segment) 
except  for  channel  width.  Therefore, 
the  effects  of  channel  width  on  dem¬ 
onstrated  performance  were  also  in¬ 
vestigated. 

Another  variable  designed  into  the 
experiment  concerned  bank  effects. 
The  main  portion  of  the  experiment 
was  conducted  in  a  passage  through  a 
channel  with  vertical  banks.  The 
effects  of  these  banks  were  then 
assessed  by  means  of  an  additional 
grouping  of  six  pilots  who  used  a  single 
vessel  class  (80,000  DVT  tanker)  and  a 
similar  channel.  The  channel  used 
with  this  second  grouping  of  six  pilots 
was  identical  to  that  used  in  the  main 
experiment  except  that  the  channel's 
bank  effects  were  removed.  This 
second  assessment  is  referred  to  as 
the  bank/no  bank  comparison  in  this 
report. 


A)  Ship  Type 

1.  125,000  m3  LNG  carrier 

2.  80,000  DVT  tanker 

3.  30,000  DVT  tanker 

B)  Vind-Ship  Speed  Ratio 

1.  8tl 

2.  10*1 

3.  13*1 

C)  VindSide 

1.  Port 

2.  Starboard 

These  variables  were  combined  in  a 
completely  factorial,  mixed  design 
arrangement.  In  the  mixed  design 
model  each  of  the  IS  subjects  was 
observed  under  only  one  of  the  three 
levels  of  the  be  tween-groups  variable 
A  (Ship  Type)  and  under  each  of  the 
six  conditions  of  variables  B  (Wind 
Ratio)  and  C  (VindSide). 

A  total  of  108  runs  comprised  the 
main  experiment.  The  sequence  for 
testing  Ship  Type  was  an  alternating 
one  within  each  level  of  Ship  Type;  the 
order  for  testing  Wind  Ratio  was  coun¬ 
terbalanced  with  Wind  Side  alternating 
on  each  successive  run. 

Two  supplemental  sub-experiments 
were  conducted  as  part  of  the  overall 
investigation.  In  the  first,  Ship  Type 
was  constant,  utilizing  only  the  80,000 
DVT  tanker,  while  Bank  Effects  (Vari¬ 
able  F),  Wind  Ratio  (Variable  B)  and 
Wind  Side  (Variable  C)  were  experi¬ 
mental  variables.  The  experimental 
design  for  this  study  was  a  three- 
factor  mixed  design  with  Bank  Effects 
as  the  between-groups  variable  and 
with  Wind  Ratio  and  Wind  Side  as 


witoht-aubjects  variables.  Seventy- 
two  runs  comprised  this  sub-experi¬ 
ment  with  half  in  each  bank  effect 
conoraan.  no  tiwinpi  wts  rim  w 
counterbalance  the  bank  effects 
factor  since  the  six  subjects  partici¬ 
pating  in  the  no  banks  condition  were 
run  in  an  unstructured  random  manner. 

In  the  second  sub-experiment,  Pilot 
Experience  Group  (Variable  E),  Wind 
Ratio  (Variable  B)  and  Wind  Side  (Vari¬ 
able  C)  were  experimental  variables 
while  Ship  Type  was  equally  repre¬ 
sented  for  both  Experience  Groups 
and,  therefore,  not  treated  as  an 
experimental  variable.  The  experi¬ 
ment  design  for  this  study  war  also  a 
three-factor  mixed  design  with  the 
Pilot  Experience  Group  as  toe 
between-groups  factor  and  with  Wind 
Ratio  and  Wind  Side  as  within-subjects 
variables.  Since  this  sub-experiment 
used  data  from  the  main  experiment 
no  additional  counterbalancing  of  run 
sequence  was  necessary. 

Data  analyses  of  the  performance 
measures  that  are  discussed  in  this 
report  utilized  the  analyses  of  vari¬ 
ance  (ANOVA)  technique. 

Five  different  ANOVA  models  were 
used  for  data  analyses  purposes  in  this 
investigation: 

o  The  first  ANOVA  model  enabled 

significance  determinations  for 
effects  of  Ship  Type  (Variable 
A),  Wind  Ratio  (Variable  B), 
Wind  Side  (Variable  C)  and  ail 
possible  interactions  of  these 
factors.  These  are  the  primary 
variables  examined  in  the  study 
and  therefore  this  can  be  con¬ 
sidered  the  "Main  Analyses." 

o  The  second  ANOVA  model 

enabled  significance  determina¬ 


tions  tor'' Wink  Edicts  (Variable 
F),  Wind  Ratio  (Variable  B),  Wind 
Side  (Variable  O,  and  aU  pos¬ 
sible  interactions  of  these 
factors.  There  was  redundancy  in 
this  ANOVA  model  and  the 
"Main  Analysis"  tor  the  Wind 
Ratio  and  Wind  Side  factors. 
The  Bank  Effects  factor  and  Its 
interactions  were  the  primary 
concern  of  the  analysis,  referred 
to  as  toe  "Bank-No  Bank 
Analyses." 


o  A  comparison  of  ship  control 
performance  in  two  sections  of 
the  test  channel.  Sections  1  and 
5,  form  the  basis  of  a  "Channel 
Width  Analyses."  The  ANOVA 
model  wed  in  these  analyses 
enabled  significance  determina¬ 
tions  for  Channel  Width  (Vari¬ 
able  O)  and  all  possible  Interac¬ 
tions  of  this  factor  with  Ship 
Type  (Variable  A),  Wind  Ratio 
(Variable  B)  and  Wind  Side  (Vari¬ 
able  C). 


o  A  set  of  comparisons  were  con¬ 
ducted  to  evaluate  "Pilot  Experi¬ 
ence  Group"  (Variable  E)  and  its 
interactive  effects  with  Wind 
Ratio  (Variable  B)  and  Wind  Side 
(Variable  C). 


o  The  final  ANOVA  model  used  in 
this  investigation  enabled  a 
direct  comparison  to  be  drawn 
between  ship  control  perform¬ 
ance  in  two  test  channel  sections 
constituting  a  set  of  "Rudder 
Effect  Analyses,"  as  well  as 
tests  of  the  interactive  effects 
of  this  factor  with  Ship  Type 
(Variable  A),  Wind  Ratio 
(Variable  B)  and  Wind  Side 
(Variable  C). 


ES-3 


t 

i 


t 


i 


i 


12  PERFORMANCE  MEASURES 

Seven  performance  measures  were 
assessed  via  the  Analysis  of  Variance 
in  this  Experiment: 

1)  Absolute  Magnitude  Off-Track 
deviation 

2)  "Factored"  Off-Track  deviation 

3)  Consistency 

4)  Boundary  Penetrations 

5)  Ship  Speed 

6)  Rudder  Angie 

7)  Zero  Rudder  Crossings 

In  all  cases  the  measures  were  com¬ 
puted  across  either  five  sections  of 
the  test  channel  (Legs  1-5)  excluding 
the  turn  and  transition  areas  or  across 
the  five  legs  including  the  turn  area. 

3.0  SCENARIO  AND  VESSEL  DE¬ 
SCRIPTIONS 

3.1  Scenario 

The  scenario  used  in  this  experiment  is 
shown  in  Figure  ES-1  and  consists  of 
two  straight  channel  legs,  the  first 
running  at  000°  and  the  second  on  a 
course  line  of  045°.  The  scenario  has 
been  broken  into  segments  L[,  1,  2,  3, 
4,  L2,  and  5  for  identification  pur¬ 
poses. 

Lj  starts  at  entrance  buoys  1  and  2 
and  runs  for  1/4  nm.  Leg  1  runs  for 
3/4  nm  followed  by  segment  2,  which 
starts  1/4  nm  beyond  buoys  3  and  4 
and  includes  the  45°  turn  up  to  buoys  9 
and  10.  Segment  2  is  further  sub¬ 
divided  into  segments  2a,  2b,  2c  and 
2d  as  shown.  Segment  2a  is  1  nm  long. 
The  start  and  end  of  segments  3,  4,  L2 
and  5  are  coincident  with  the  appro¬ 
priate  buoys,  as  shown.  The  channel  is 
800  feet  wide  except  for  part  of  tran¬ 
sition  segment  L2  and  segment  5.  The 
perception  of  the  change  of  channel 
width  was  accomplished  by  a  200  foot 
shoal,  which  effectively  changes 


usable  width  to  600  feet.  The  primary 
Mudvaes  were  tcoosaMsd  over  five 
legs,  which  did  not  iaciade  th e  turn  or 
transition  areas.  Each  Leg  relates  to 
a  segment  (Seg)  as  follows: 

Leg  1  -  Segl 
Leg  2  -  Seg  2a 
Leg  3  -  Seg  3 
Leg4  -  Seg 4 
Le  g  5  -  Seg  5 

The  depth  of  water  to  ship  draft  ratio 
throughout  die  usable  portion  of  die 
channel  is  approximately  1.25  so  that 
channel  depth  was  50  feet  for  the 
80,000  DVT  tanker  (40  foot  draft)  and 
45  feet  for  the  LNG  and  30,000  DVT 
tanker  (35  foot  and  36  foot  drafts 
respectively).  The  15  foot  high  shoal 
could  cause  a  simulated  grounding  for 
all  three  vessels  became  of  a  5  foot  or 
6  foot  "interference."  Barrie  effects 
were  present  for  the  appropriate  runs 
and  forces  acted  on  die  ships  based  on 
a  bank  height  to  water  depth  ratio  of 


The  channel  described  above  was  used 
for  all  experiment  runs.  Runs  were 
inbound  with  clear  visibility  and  no 
traffic.  Differences  between  the  runs 
were  only  related  to  differences  in 
wind  magnitude  and  direction  and  the 
presence  or  absence  of  banks.  Cur¬ 
rents  were  always  zero. 

There  were  a  total  of  13  wind  condi¬ 
tions  for  this  experiment: 

o  A  light  wind  condition  of  10 
knots  (135°  true),  used  as  a 
channel  familiarization  run  for 
all  vessels. 

o  Six  wind  conditions  (three  wind 
magnitudes  -  40,  50  and  65 

knots,  and  two  sides  -  port  and 
starboard),  used  for  LNG  vessels. 

o  Six  wind  conditions  (three  wind 
magnitudes  -  40,  50  and  65 
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knots,  and  two  sides  -  port  and 
starboard),  used  for  the  tankers. 


u  vcwk  %MnctmmcM 

o  125,000  m3  LNG 

o  80,000  DWT  Tanker 

o  30,000  DWT  Tanker 

One  of  the  variables  established  for 
the  Ship  Characteristics  experiment 
was  the  class  of  ship  used.  The  hydro- 
dynamic  characteristics  ,of  three  ships 
(an  Aquarius  Class  897  foot  long  LNG, 
an  80,000  DWT  763  foot  long  tanker, 
and  a  30,000  DWT  595  foot  long 
tanker)  were  incorporated  into  the 
CAORF  simulator  for  this  purpose. 


4.0  TEST  SUBJECTS 

This  experiment  required  a  total  of  24 
full  branch  harbor  pilots  experienced 
with  the  type  of  vessel  that  they  were 
to  handle  at  CAORF.  Eighteen  of 
these  subjects  (six  for  30,000  DWT 
tankers,  six  for  80,000  DWT  tankers, 
and  six  for  LNGs)  were  used  with  the 
bank  effects  scenario  while  six  of 
them  (for  the  80,000  DWT  tanker) 
were  used  with  a  scenario  which  did 
not  contain  vertical  banks.  Since  the 
LNG  grouping  consisted  of  pilots  in¬ 
experienced  with  the  CAORF  simula¬ 
tor,  it  was  highly  desirable  that  the 
other  18  test  subjects  also  have  little 
or  no  experience  with  the  simulator. 

Each  test  subject  transited  through 
the  channel  scenario  seven  times.  The 
first  experiment  run  was  designated  a 
baseline  run  (under  low  wind  condi¬ 
tions),  while  the  following  six  runs 
occurred  at  three  different  wind  mag¬ 
nitudes  from  the  port  side  and  the 
same  three  magnitudes  from  the  star¬ 
board  side. 


54  RESULTS  AND  CONCLUSIONS 

The  experiment  was  structured  so  that 
the  data  was  capable  of  being  effi¬ 
ciently  analyzed  from  a  variety  of 
viewpoints.  The  purpose  of  the  stat¬ 
istical  analyses  was  to  determine  if 
differences  existed  in  the  performance 
exhibited  by  sample  groups  of  experi¬ 
enced  pilots  under  various  controlled 
conditions.  Performance  was  evalu¬ 
ated  by  means  of  a  set  of  seven  mea¬ 
sures,  three  of  which  were  concerned 
with  the  pilot  actions  (pilot  perform¬ 
ance  measures)  and  four  with  the 
results  of  die  actions  (system  per¬ 
formance  measures).  Five  sets  of 
comparisons  were  performed  on  the 
data: 

o  Main 

o  Bank/No  Bank 

o  Channel  Width 

o  Rudder  Effects 

o  Special  Experience 

The  primary  performance  comparisons 

(i<e.,  main  comparisons)  were  made 

between  pilotage  exhibited  on  differ¬ 
ent  classes  of  ships  under  different 
wind  conditions  during  passages 
through  a  narrow,  shallow,  vertically 
banked  waterway.  The  comparisons 
were  based  on  the  total  performance 
during  the  straight  legs  of  the  channel. 

The  remaining  four  sets  of  analyses 
were  refinements  of  secondary  issues 
concerned  with  the  basic  comparisons. 
A  bank/no  bank  comparison  investi¬ 
gated  the  question  of  the  effects  and/ 
or  usage  of  bank  forces  during  the 
total  passage  through  the  channel. 
This  was  done  with  only  one  ship  type, 
the  80K  tanker.  A  channel  width 
comparison  analyzed  the  difference  in 
performance  on  the  three  classes  of 
ships  within  an  800  foot  wide  channel 
leg  and  a  600  foot  wide  channel  leg. 


One  of  the  vessels,  the  LNG  carrier 
.exhibited  an  unusual  rudder  character¬ 
istic  under  conditions  of  heavy  wind 
forward  of  the  ship's  beam.  An  exami¬ 
nation  of  the  effects  of  this  phenome¬ 
non  was  also  conducted.  The  last 
comparison  was  based  on  an  experi¬ 
ence  factor;  one  group  was  selected 
for  actual  experience  with  a  particu¬ 
larly  long  and  narrow  waterway,  while 
its  comparitive  group  did  not  neces¬ 
sarily  have  this  type  of  background. 

The  multiple  analyses  of  the  data 
which  were  performed  on  the  various 
measures  resulted  in  a  myriad  of  find¬ 
ings;  i.e.,  differences  in  ship  handling 
control  were  shown  to  exist  at  many 
levels  of  significance  for  both  main 
effects  of  the  variables  that  were 
investigated  as  well  as  interactions 
between  these  variables.  A  non- 
statistical  overview  based  on  these 
findings  is  presented  in  the  following 
subparagraphs: 

3.1 

The  experiment  clearly  showed  a 
marked  difference  in  narrow  channel 
ship-handling  performance  by  pilots 
conning  the  LNG  carriers  as  compared 
with  those  conning  the  tankers.  Under 
some  conditions  of  winds,  banks, 
channel  widths,  etc.,  differences 
between  the  performances  by  pilots  on 
the  80K  tankers  and  30K  tankers  were 
also  in  evidence.  Overall,  the  pilots 
assigned  to  the  LNG  carriers  exhibited 
the  largest  degree  of  control  diffi¬ 
culties  under  the  extreme  wind  condi¬ 
tions  used  in  the  experiment.  When 
differences  existed  between  perform¬ 
ance  on  tankers,  the  mariners  on  the 
80K  tankers  exhibited  better  control¬ 
lability. 

3.2 

The  experimental  design  as  well  as  the 
scenario  itself  were  structured  to 


impose  high  levels  of  stress  on  the 
men  and  the  ships  used  in  the  experi¬ 
ment  so  as  to  discern  more  dearly 
differences  in  performance  which 
might  exist.  As  a  consequence, 
numerous  penetrations  of  the  shoal 
area  and  channel  boundaries  occurred, 
and  these  became  a  sensitive  measure 
of  control  difficulties  encountered. 
The  pilots  on  the  LNG  had  a  larger 
number  of  such  incidents  than  did  the 
tanker  pilots,  and  there  were  more  of 
these  incidents  occurring  at  higher 
winds  then  at  the  40  knot  condition. 
The  30K  tanker  pilots  also  had  a 
greater  number  of  incidents  at  the 
highest  wind  level,  but  still  far  fewer 
than  the  pilots  conning  the  LNG 
carrier. 


3.3 

Ship  control  difficulties  did  not  corre¬ 
late  in  a  positive  manner  with  inherent 
wind-based  ship  instabilities.  The 
inference  that  the  more  unstable 
vessel  would  be  more  difficult  to  con¬ 
trol  was  not  borne  out  and,  in  fact,  the 
reverse  was  found  to  be  true.  The 
LNG  vessel  was  shown  to  have  a  lower 
level  of  wind  induced  instabilities,  yet 
the  pilots  that  conned  that  ship  had 
the  most  difficulty  with  the  channel 
passage.  Tanker  pilots  were  able  to 
overcome  their  vessels'  instabilities 
and  transited  the  channel  with  less 
problems.  It  was  apparent,  therefore, 
that  ship  characteristics  other  than 
instability  caused  by  high  wind  levels 
were  more  dominant  in  the  determina¬ 
tion  of  controllability. 


3.4 

The  LNG  pilots  found  that  their  rudder 
was  not  effective  under  the  wind  con¬ 
ditions  that  they  encountered.  They 
were  forced  to  increase  engine  rpm  to 
counter  the  control  problems  that  they 
were  experiencing  and,  in  an  attempt 


to  maintain  control,  increased  the 
speed  of  their  vessel  through  the 
water  by  more  than  100%  over  the 
desired  speed. 


5.5 

Based  on  the  sampling  techniques  and 
analyses  that  were  used  in  this  experi¬ 
ment,  estimations  of  probable  LNG 
ship-handling  performance  by  any 
experienced  pilot  indicate  that  it 
would  be  highly  injudicious  to  make  an 
actual  passage  in  a  600  to  800  foot 
waterway  without  tug  assistance  under 
any  of  the  wind  conditions  that  were 
studied.  This  would  especially  be  true 
if  the  vessels,  for  any  reason,  were 
unable  to  have  their  speed  through  the 
water  increased  to  more  than  10 
knots. 


5.6 

The  8QK  tanker  pilots  made  use  of  the 
channel  banks  as  an  aid  during  the 
passages  through  the  narrow  water¬ 
way.  Transits  through  a  channel  with 
banks  was  safer  (fewer  boundary  pene¬ 
trations)  than  those  passages  which 
occurred  in  a  channel  that  had  no 
banks.  The  pilots  also  progressed 
through  the  banked  channels  at  a 
slightly  higher  speed  then  when  no 
banks  were  present. 


5.7 

The  600  foot  channel  width  affected 
the  LNG  pilots  to  a  greater  degree 
than  it  did  those  who  conned  the 
tankers.  The  trend  of  decreased 
safety  with  increased  wind  levels  that 
was  observed  for  the  800  foot  wide 
channel  segment  did  not  occur  when 
the  channel  was  only  600  feet  wide. 
The  LNG  pilots  perceived  that  the 
narrower  channel  would  be  more  diffi¬ 
cult/dangerous  and  substantially 


increased  their  ship's  speed  during  that 
portion  of  the  passage  to  acquire  a 
greater  degree  of  control  over  their 
vessel. 

5.S 

Prior  experience  with  a  very  narrow 
channel  did  not  surface  as  a  signi¬ 
ficant  factor  in  the  performance 
exhibited  in  800  and  600  foot  wide 
channel  segments.  This  finding  was 
most  probably  caused  by  the  structur¬ 
ing  of  the  samples  used  in  the  mini¬ 
analysis  of  this  particular  issue  since 
the  "experience  factor"  was  investi¬ 
gated  as  an  afterthought,  i.e.,  after 
the  experiment  had  commenced.  The 
question  of  specific  types  of  experi¬ 
ences  affecting  performance  in  a  nar¬ 
row  channel  would  benefit  from  a 
more  thorough,  detailed  investigation. 

5.9 

On  most  ships,  including  an  LNG 
vessel,  a  positive  rudder  causes  a  turn 
to  port.  For  certain  particular  wind 
directions  and  magnitudes,  an  anomoly 
occurs  in  the  ship-handling  character¬ 
istics  of  the  LNG,  resulting  in  a  posi¬ 
tive  rudder  causing  a  turn  to  star¬ 
board.  The  effects  on  performance  of 
this  "rudder  reversal  phenomenon" 
were  studied  during  the  experiment 
but  the  findings  were  inconclusive. 
The  general  difficulties  that  the  LNG 
pilots  faced  with  ship  controllability 
overshadowed  ahy  "special  effects" 
differences  in  ship  handling  that  might 
exist.  By  increasing  their  speed  in  the 
"reverse  rudder"  portion  of  the 
channel  the  pilots  attained  much 
better  control,  thereby  masking  any 
difficulties  that  existed  because  of  a 
lack  of  familiarity  with  this  phenom¬ 
enon.  This  question,  related  to 
"reverse  rudder  effects,"  would  also 
benefit  from  more  detailed  future 
research. 
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5.10 


Pilots  were  shown  to  be  capable  of 
overcoming  the  wind-based  instabil¬ 
ities  of  their  vessels,  and  therefore 
differences  in  performance  in  heavy 
winds  were  caused  by  other  ship  char¬ 
acteristics.  An  example  of  one  such 
ship  characteristic  is  the  development 
of  a  turn  rate.  Analyses  have  shown 


that  the  LNG  vessel  exhibits  an 
extremely  limited  capability  for  the 
development  of  a  turn  rate  into  the 
wind,  caused  by  exceptional  levels  of 
directional  stability.  Further  research 
could  address  issues  of  which  char¬ 
acteristics  dominate  the  controllabil¬ 
ity  problems  for  the  LNG  in  winds  and 
how  ship- handling  performance  can  be 
better  managed  in  narrow  waterways. 


CHAPTER  1 
INTRODUCTION 


1.1  PURPOSE 

This  report  presents  the  results  of  the 
"Comparison  of  the  Impact  on  Piloting 
Performances  of  Extreme  Wind  Forces 
Under  Variable  Conditions  of  Ship 
Class  and  Stability,  Channel  Width, 
and  Channel  Bank  Forces"  experi¬ 
ment*  conducted  at  the  Computer 
Aided  Operations  Research  Facility 
(CAORF),  Kings  Point,  NY.  The  study 
examined  the  ship  handling  perform¬ 
ance  of  pilots  transiting  a  narrow 
waterway  under  severe  wind  condi¬ 
tions.  The  specific  objectives  of  the 
experiment  were  to: 

o  Determine  the  changes  in  ship 
handling  performance  for  a  re¬ 
presentative  group  of  experi¬ 
enced  pilots  under  several 
extreme  wind  conditions. 

o  Determine  if  this  performance  is 
dependent  upon  inherent  wind- 
induced  ship  instabilities. 

o  Determine  if  this  performance  is 
dependent  upon  the  class  of 
vessels  involved. 

o  Determine  if  the  performance  is 

dependent  upon  the  channel 
width. 

o  Determine  if  performance  is 

affected  by  the  inclusion  of  real¬ 
istic  bank  effects. 

1.2  BACKGROUND 

A  portion  of  the  Maritime  Research 
Program  conducted  at  CAORF  since 
1977  has  been  concerned  with  vessel 
transiting  of  harbors  and  narrow 
waterways.  The  work  has  been  ac¬ 


complished  using  the  full  capabilities 
of  the  CAORF  Ship  Maneuvering  Sim¬ 
ulator,  including  the  fully  instru¬ 
mented  ship's  bridge  and  the  computer 
generated  visual  imagery  described  in 
Appendix  A. 

The  studies  have  tended  to  be  divided 
into  two  research  areas:  one,  a  series 
of  experiments  related  to  the  channel 
or  waterway  design  itself,  and  two, 
investigations  in  which  Pilot/Master 
behavior  and  related  ship  character¬ 
istics  and  controllability  factors  are 
studied.  It  is  within  the  latter  area 
that  the  questions  of  "how"  a  pilot  or 
ship  handler  perceives  and  accom¬ 
plishes  his  tasks  in  restricted  water¬ 
ways  and  "what"  aids  assist  in  the 
assessment  and  accomplishment  of  the 
tasks  have  been  addressed.  For 
example,  an  associated  research  ex¬ 
periment  assessed  the  potential  as¬ 
sistance  (or  lack  of  assistance)  that 
specific  shallow  water  maneuvering 
data  cards  yield  as  a  ship-handling  aid. 

All  of  these  investigations  were  aimed 
at  the  Maritime  Administration  goals 
of  improved  safety  and  productivity. 
These  goals  were  also  addressed  by  the 
Society  of  Naval  Architects  and  Engi¬ 
neer  (SNAME)  report  "High  Priority 
Research  for  the  U.S.  Maritime 
Industry,"  which  states  "As  the  traffic 
on  waterways  and  ports  increases  in 
density  and  in  vessel  size,  the  risks  of 
collisions,  rammings  or  groundings 
increase,  as  do  their  potential  conse¬ 
quences.  To  reduce  risk,  this  inter¬ 
action  of  the  operator,  the  vessel,  and 
the  waterways  must  be  understood. 
The  reduction  in  collisions,  rammings, 
and  groundings  provides  a  saving  in 


*  Informally,  for  brevity,  referred  to  as  the  Ship  Characteristics  experiment. 


property  damage  and  lives.  The  de¬ 
velopment  of  system  requirements 
and  the  definition  of  ship  controllabil¬ 
ity  define  the  operating  envelope  for 
the  vessel,  making  clear  the  limits  of 
one  element  of  the  system." 

The  recent  September  1979  IMCO  sub¬ 
committee  on  Ship  Design  and  Equip¬ 
ment  working  group  report  entitled 
"Maneuverability  of  Ships”  also  indi¬ 
cated  that  "in  the  area  of  maneuver¬ 
ing  characteristics,  information, 
reports,  studies,  etc.  related  to  track¬ 
keeping  during  harbor  entry  in  cross 
currents  and  beam  winds  conditions... 
would  be  helpful  to  adequately  address 
the  area." 

Numerous  papers  in  recent  ship  hydro¬ 
dynamics  literature  have  discussed 
problems  regarding  ship  stability  and 
transiting  under  heavy  wind  condi¬ 
tions.  O.  Khattab  in  "Steering  Control 
of  a  Ship  in  a  Canal"  (1979),  Koyama 
et.  al.  in  "A  Study  of  the  Instability 
Criteria  of  the  Manual  Steering  of 
Ships"  (1977),  and  papers  by  H.  Eda  in 
1971  and  1965,  to  mention  just  a  few, 
have  discussed  these  problems.  It  is 
most  unfortunate  that  the  recent 
tragic  occurrence  in  Tampa  Bay, 
Florida  also  underscores  the  timeliness 
of  obtaining  a  better  understanding  of 
the  limitations  associated  with  various 
ship  classes  in  restricted  harbor  areas 
under  heavy  wind  conditions. 


1.3  OVERVIEW 

Off-line  fast-time  computer  studies  at 
CAORF  have  shown  that  different 
ships  are  subject  to  varying  levels  of 
instability  which  are  dependent  on 
both  the  magnitude  of  wind  velocity 
(compared  with  ship's  speed)  and  the 
direction  of  the  wind  (relative  to  ship's 
bow).  A  technical  memorandum  on 
this  subject  is  included  in  Appendix  B. 


The  effects  of  this  basic  ship  instabil¬ 
ity  due  to  wind  have  been  shown  to 
lessen  when  an  autopilot  is  used  to 
steer  the  vessel  (Eda,  1968).  How 
well,  though,  does  the  human  com¬ 
pensate  for  this  ship  characteristic? 
Is  pilot  control  performance  related  to 
the  varying  levels  of  stability  or  are 
other  ship  chacteristics  more  pertin¬ 
ent  to  ship-handling  performance? 
Also,  what  is  the  quantification  of  the 
variability  of  piloted  controllability 
across  the  wide  background  and  exper¬ 
ience  of  pilots?  When,  i.e.  at  what 
magnitude,  does  the  level  of  wind 
become  "excessive"  for  this  range  of 
qualified  mariner?  How  is  this 
affected  by  the  class  of  ship  that  is 
involved  witj>  these  extremes  of  en¬ 
vironmental  condition?  Is  there  a 
limiting  consideration  due  to  channel 
width  that  affects  the  problem  and  is 
it  aided  or  hindered  by  the  type  of 
channel  banks  (vertical  or  mildly  slop¬ 
ing)  that  are  involved?  It  is  this  series 
of  questions  which  formed  the  baas 
for  the  present  investigation,  a  part  of 
the  CAORF  Ship  Maneuverability  Re¬ 
search  Area  studies. 

One  of  the  purposes  of  the  experiment 
was  to  assess  the  effects  on  ship¬ 
handling  performance  of  wind-induced 
ship  instabilities  which  are  caused  by 
inherent  ship  design  and  geometry. 
The  inherent  instability  of  ships  has 
been  studied  in  the  past  by  techniques 
which  make  use  of  mathematical 
models  of  the  ships  (see  Appendix  B). 
These  models  have  been  subjected  to 
analyses  through  the  use  of  off-line 
computer  simulations  which  mathe¬ 
matically  investigate  the  areas  of 
instability.  These  analyses  have  been 
further  augmented  through  the  use  of 
autopilot  equations  in  conjunction  with 
the  ship  model  to  mathematically 
explore  the  nature  of  the  combined 
autopilot-ship  instabilities  (Eda,  1968). 
However,  the  human  controller  (i.e., 


the  pilot)  has  not  as  yet  been  suffi¬ 
ciently  defined  in  a  mathematical 
sense  to  allow  the  use  of  these  techni¬ 
ques  to  accurately  and  directly 
explore  the  instability  that  can  exist 
in  pilot/ship  combinations.  Therefore, 
to  study  the  effects  of  the  pilot/ship 
interaction,  an  indirect  approach  was 
used  to  examine  the  presumed  effects 
of  instability,  i.e.,  variability  in  levels 
of  piloted  performance,  with  poorer 
performance  associated  with  lower 
stability. 

Piloted  performances  can  be  compared 
by  means  of  a  ship  maneuvering  simu¬ 
lator  under  varying  controlled  condi¬ 
tions  of  ship,  wind  direction,  and  wind 
magnitude  which  are  known  (mathe¬ 
matically)  to  cause  varying  levels  of 
ship/wind  stabilty  and  instability.  The 
differences  in  performance  can  then 
be  compared  with  the  differences  in 
stability  levels  which  are  associated 
with  the  controlled  conditions.  If  a 
positive  association  is  determined 
(i.e.,  the  more  unstable  conditions  cor¬ 
relate  with  the  poorer  performances) 
then  the  "instability-controllability 
difficulty"  inference  has  been  borne 
out.  The  differences  in  performance 
are  then  linked  to  differences  in  sta¬ 
bility.  The  stability  differences  would 
therefore  be  indicative  of  the  variabil¬ 
ity  of  the  ship/pilot  performance  to  be 
found  in  real  world  situations  under 
the  same  conditions  as  those  studied 
and  the  consequences  of  the  effects  of 
these  ship  characteristics  would  be 
highlighted  for  future  ship  design  con¬ 
siderations  during  retrofit  or  new  con¬ 
struction  programs.  If  the  inference  is 
not  borne  out  (i.e.,  more  unstable  con¬ 
ditions  do  not  correlate  directly  with 
poorer  performance)  then  the  accumu¬ 
lated  data  and  comparisons  are  useful 
in  their  representation  of  the  variabil¬ 
ity  of  ship  controllability  in  real  life 
under  the  conditions  studied. 


1.4  EXPERIMENT  DESCRIPTION 

The  experiment  was  designed  to 
address  several  issues  related  to  the 
effect  of  wind  on  piloted  performance 
in  restricted  waterways.  Under  condi¬ 
tions  of  extreme  winds,  off-line 
analyses  have  shown  that  many  vessels 
are  inherently  unstable  and  that  for 
particular  wind  directions,  wind  speeds 
greater  than  a  given  amount  (depen¬ 
dent  upon  the  ship)  result  in  instabil¬ 
ities.  Examples  of  this  for  CAORF 
vessels  are  shown  in  Appendix  B, 
Figures  B-3,  B-5,  and  B-8.  These 
figures  plot  the  roots  of  the  system 
equations  (eigenvalues)  versus  absolute 
wind  angle  (ship  track  is  assumed  to  be 
north)  for  different  values  of  wind 
magnitude  and  ship  speed.  A  positive 
eigenvalue  represents  an  unstable  con¬ 
dition.  For  each  ship  the  steady  state 
static  rudder  angle  vs.  wind  direction 
for  several  wind  speed/ship  speed 
ratios  is  also  presented.  Previous 
computer-based  simulation  research 
has  been  conducted  along  these  lines 
by  Dr.  Eda  and  others,  and  it  has  been 
shown  that  automatic  steering  based 
on  autopilot  algorithms  reduces  this 
area  of  instability.  The  relevant  rela¬ 
tionships  extracted  from  a  paper  for 
the  Mariner  Class  vessel  (Eda,  1968) 
are  shown  as  Figure  B-l  and  indicate 
the  manner  in  which  instabilities  have 
been  reduced  by  an  autopilot.  The 
upper  portion  of  this  figure  is  for  an 
unsteered  vessel,  comparable  to 
Figures  B-3,  B-5,  and  B-8,  while  the 
lower  portion  presents  the  same  ship 
with  the  inclusion  of  an  autopilot. 

One  major  issue  investigated  in  the 
current  experiment  was  the  deter¬ 
mination  of  the  level  of  control  which 
can  be  exercised  by  representative 
groupings  of  experienced  pilots  under 
conditions  of  wind  magnitude  and 
wind  direction  which  have  been  shown 
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to  cause  basic  ship  instabilities.  It  is 
quite  obvious  that  one  could  encounter 
wind  magnitudes  of  a  sufficiently  high 
level  so  that  ships  are  simply  "blown 
away,"  i.e.,  insufficient  rudder  is 
available  to  counteract  the  wind 
effects.  The  question  of  interest  here 
though  was  that  with  sufficient  avail¬ 
able  remaining  rudder  would  the  pilots 
be  able  to  overcome  instabilities  that 
existed  because  of  ship  design  and,  if 
not,  at  what  level  of  wind  do  their 
performances  markedly  degrade? 

The  experiment  compared  ship-han¬ 
dling  performance  in  a  narrow  channel 
using  three  ships  (30K  DWT  tanker, 
80K  DWT  tanker,  and  125K  m3  LNG 
carrier),  three  wind  magnitudes  (40, 
30,  and  63  knots),  and  two  wind  direc¬ 
tions  (port  and  starboard),  as  depicted 
in  Table  1-1.  The  reason  for  port  and 
starboard  wind  as  a  variable  of  inter¬ 
est  in  spite  of  the  fact  that  the  ship 
characteristics  curve  (instability  vs. 
wind  angle)  is  essentially  symmetrical 
about  the  longitudinal  axis  of  the 
vessel  is  that  in  the  major  portion  of 


the  experiment  the  channel  that  was 
used  contained  bank  effects.  It  was 
thought  that  banks  might  affect  per¬ 
formance,  tendfag  to  help  (or  hinder) 
the  pilot  as  he  attempted  to  control 
the  ship. 

A  channel  width  variable  was  also  de¬ 
signed  into  the  experiment.  An  800 
foot  channel  was  selected  for  the 
major  portion  of  the  test  run  scenario, 
but  a  600  foot  segment  was  included 
as  the  last  segment  of  each  run  for 
comparison  with  the  first  segment. 
The  conditions  of  segment  1  (first 
major  segment)  were  identical  with 
those  of  segment  3  (last  segment) 
except  for  channel  width.  Therefore, 
the  effects  of  channel  width  on  dem¬ 
onstrated  performance  were  also  in¬ 
vestigated. 

Another  variable  designed  into  the 
experiment  concerned  bank  effects. 
The  main  portion  of  the  experiment 
was  conducted  in  a  passage  through  a 
channel  with  vertical  banks.  The 
effects  of  these  banks  were  then 
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TABLE  1-1.  BASIC  EXPERIMENT  DESIGN 


Wind  Speed/Ship  Speed*  Ratio 

8:1 

10:1 

13:1 

(40  kn.  Wind) 

(30  kn.  Wind) 

(63  kn.  Wind) 

Side 

Side 

Side 

Ship 

Port 

Stb. 

Port 

Stb. 

Port 

Stb. 

LNG 

30K 

80K 

assessed  by  means  of  an  additional 
grouping  of  six  pilots  that  used  a 
single  vessel  class  (80,000  DWT 
tanker)  and  a  similar  channel.  The 
channel  used  with  this  second  grouping 
of  six  pilots  was  identical  to  that  used 
in  the  main  experiment  except  that 
the  channel's  bank  effects  were 
removed.  This  second  assessment  is 
referred  to  as  the  bank/no  bank  com¬ 
parison  in  this  report. 


Eighteen  experienced  pilots  drawn 
from  piloting  organizations  throughout 
the  country  were  used  for  the  basic 
experiment.  Each  mariner  piloted  a 
single  ship  similar  to  the  class  of 
vessel  that  he  had  previously  experi¬ 
enced  in  his  "real-world"  background. 
Experimental  data  were  obtained  and 
examined  for  a  total  of  six  runs  for 
each  pilot. 


2.1  EXFERMENT  VARIABLES 


This  CAORF  experiment  wet  designed 
to  investigate  variables  that  were 
likely  to  effect  vessel  behavior  under 
extreme  environmental  conditions. 
The  major  variable,  ship  type,  allowed 
comparison  of  ship/pilot  performance 
while  piloting  a  30,000  DVT  tanker,  an 
80,000  DVT  tanker,  and  an  LNG 
("Acquavius  Class").  Three  levels  of  a 
second  variable,  wind,  were  used  (40 
knots,  30  knots,  and  65  knots)  resulting 
in  ratios  when  compared  to  a  five  knot 
ship's  speed  of  8:1,  10:1,  and  13:1. 
These  winds  were  encountered  from 
both  the  starboard  and  port  sides,  and 
wind  side  was  therefore  a  third  vari¬ 
able. 

All  runs  were  made  in  restricted 
waters,  i.e.  a  channel  containing  a 
shoal  area  which  allowed  for  a  2- level 
(600  vs.  800  foot)  channel  width  vari¬ 
able.  A  final  comparison  was  accom¬ 
plished  via  a  bank  effects  variable  of 
two  levels,  i.e.,  bank  effects  and  no 
bank  effects. 

2.2  EXPERIMENT  DESIGN 

2.2.1  Experiment  Model  and  Statis¬ 
tical  Analyses 

A  mixed  factorial  design  treating  ship 
type  (30K,  80K,  LNG)  as  the  between- 
subjects  factor  and  both  wind  ratio 
(8:1,  10:1,  13:1)  and  wind  side  (star¬ 
board,  port)  as  within-subject  factors 
was  used  for  the  experiment.  In  this 
mixed  design  model  each  of  the  18 
subjects  was  observed  under  only  one 
of  the  three  levels  of  the  between- 
subjects  variable  (ship  type).  In  con¬ 
trast,  each  of  the  18  subjects  was 
observed  under  each  of  six  combina¬ 


tions  of  the  within  subjects  variables 
of  wind  ratio  and  wind  side,  as  shown 
in  Table  2-1. 

A  total  of  108  runs  comprised  the 
basic  experiment.  The  run  order 
matrix  is  also  shown  in  Table  2-1, 
wherein  the  sequence  for  testing  ship 
type  changes  with  each  run  and  is  indi¬ 
cated  under  the  "subject  run  order" 
column.  Vithin  each  level  of  ship 
type,  the  order  for  testing  wind 
spMd/ship  speed  ratio  is  counter¬ 
balanced.  Wind  side  alternates  on 
each  successive  run. 

Eighteen  licensed  pilots  were  selected 
for  participation  based  on  their  avail¬ 
ability  and  experience.  Because  ship 
type  was  treated  as  a  between-sub- 
jects  factor  and  because  few  pilots 
have  extensive  experience  on  LNG 
carriers,  it  was  necessary  to  select 
subjects  from  different  pilot  organiza¬ 
tions.  This  situation  required  careful 
matching  of  relevant  experience  on 
the  ships  used  for  testing  each  pilot. 
Hence,  subject  assignment  to  ship  type 
conditions  was  not  totally  random, 
i.e.,  LNG  subjects  were  randomly 
selected  from  organizations  with  ap¬ 
propriate  experience  but  tanker  sub¬ 
jects  were  selected  on  a  totally  ran¬ 
dom  basis. 

Wind  angle  was  identical  in  legs  1  and 
5  for  comparisons  based  on  channel 
width.  In  leg  1,  channel  width  was  800 
feet.  Performance  in  this  area  was 
compared  with  performance  in  leg  5 
where  the  channel  width  was  reduced 
by  a  shoal  area  to  600  feet.  The 
relative  wind  direction  was  identical 
in  these  two  areas  to  allow  for  com¬ 
parisons  based  on  the  other  experi¬ 
mental  variables.  The  data  for  this 


Experimental  Condition  Run  Order 

Subject 

Wind  Speed/ 
Ship  Speed 
8:1  Ratio 

Wind  Speed/ 
Ship  Speed 
10x1  Ratio 

Wind  Speed/ 
Ship  Speed 
13x1  Ratio 

Number 

Ship 

tvlMl 

Order 

Stb. 

Port 

Stb. 

Port 

Stb. 

Port 

OI 

Runs 

LNG 

1 

Hi 

K 


'I 


analysis  was  sstestad  with  an  analysis 
o 1  variance  (ANOVA)  procedure  appro¬ 
priate  to  its  mixed  design  and  is  found 
in  Appendix  C. 

The  appropriate  A  NOV  AS  were  used 
for  all  comparisons  and  were  supple¬ 
mented  by  Neuman-Keuls  Multiple 
Comparison  Procedures  and  t-tests 
using  die  appropriate  error  term  for 
the  ANOVA.  The  source  tables  for 
each  of  the  models  used,  as  well  as  the 
complete  analytical  findings  for  all 
comparisons,  are  contained  in  Appen¬ 
dix  C. 

The  main  experiment  has  been  de¬ 
scribed  based  on  passage  through  a 
channel  with  realistic  vertical  banks. 
To  detect  the  effects  of  these  bulks 
(that  is,  the  effects  of  the  wind  alone 
on  the  ships),  a  separate  investigation 
would  normally  be  required.  There¬ 
fore,  in  an  additional  supplementary 
sub-experiment,  the  influence  of  banks 
in  the  channel  was  also  assessed. 
Using  data  from  one  ship  type  condi¬ 
tion  in  the  main  experiment  (80,000 
DWT  tanker),  additional  data  were 
generated  using  a  new  group  of  sub¬ 
jects  under  conditions  of  no  banks. 
Thus,  ship  type  was  a  constant  while 
bank  effects,  wind  ratio,  and  wind  side 
were  experimental  variables.  The 
experimental  design  for  this  study  is 
shown  in  Table  2-2  as  a  three-factor 
mixed  design  with  bank  effects  as  the 
between-subjects  variable  and  wind 
ratio  and  wind  side  as  within-subjects 
variables.  Pilots  experienced  banks  or 
no  banks  throughout  all  six  of  their 
runs  with  each  combination  of  wind 
ratio,  and  wind  side  presented. 
Seventy-two  runs  comprised  this  sub¬ 
experiment  with  half  in  each  bank 
effect  condition.  As  shown,  no 
attempt  was  made  to  counterbalance 
the  bank  effects  factor  since  the  six 
subjects  participating  in  the  no  banks 
condition  were  run  in  an  unstructured 
random  manner.  ANOVAS  appropri¬ 


ate  to  the  model  were  applied  to  the 
data  as  shown  in  Appendix  C. 


2.2.2  Performance  Measures 

Comparative  evaluations  of  track- 
keeping  accuracy  were  accomplished 
using  both  system  performance  and 
pilot  performance  measures.  Whereas 
system  performance  measures  provide 
indices  of  ship  state  relative  to  ideal 
reference  values,  pilot  performance 
measures  reveal  the  pilots'  procedures 
in  accomplishing  the  passage.  All 
analyses  were  conducted  both  within 
individual  legs  and  across  the  entire 
passage.  However,  the  turn  section 
per  se  was  not  analyzed  since  track¬ 
keeping  accuracy  is  the  focus  of  at¬ 
tention  from  the  performance  assess¬ 
ment  standpoint  and  the  variability  in 
pilot  perception  of  proper  ship-handl¬ 
ing  procedures  in  turns  is  quite  wide. 


2.2.2. 1  System  Performance  Measures 

2.2.2.1.1  Absolute  Value  of  Off-Track 
Deviation 

The  primary  index  of  system  perform¬ 
ance  in  this  application  was  ship's 
track  deviation.  This  value  was  deter¬ 
mined  by  measuring  along  a  perpen¬ 
dicular  line  drawn  between  ship  loca¬ 
tion  and  track  line  in  the  track-keep¬ 
ing  areas  of  the  passage.  The  track 
line  was  defined  as  the  channel  cen¬ 
terline  in  both  the  800  foot  width 
channel  and  the  600  foot  channel. 
Track  deviation  values  therefore 
yielded  an  index  of  pilot  ability  to 
control  the  ship's  location.  Means  of 
absolute  values  were  calculated  as 
indicants  of  average  track-keeping 
accuracy.  Since  a  measure  which 
allowed  track  deviation  to  one  side  of 
the  track  line  to  cancel  the  effects  of 
deviation  to  the  other  side  would  be 
unsatisfactory,  the  absolute  value  of 
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TABLE  2-2.  RUN  ORDER  IIATEUX  FOR  MIXED  DESIGN  - 

BANK  EFFECTS 
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Bank 

Condition 

Subject 

Run 

Experimental  Condition  Run  Order 

Number 

of 

Rims 

Wind  Speed 
Ship  Speed 
8:1  Ratio 

Wind  Speed/ 
Ship  Speed 
10:1  Ratio 

Wind  Speed/ 
Ship  Speed 
13:1  Ratio 

Stb. 

Port 

Stb. 

Fort 

Stb. 

Fort 

2 

B 

5 

1 

H 

8 

l 

1 

Banks 
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36 
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n 
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No  Banks 

36 

22 

im 

1 

23 

i 

n 

6 

n 

24 

B 

6 

1 

HI 

5 

n 

Run  Totals 

12 

12 

12 

12 

12 

12 

72 

deviation  (1X1)  was  used.  This  mea¬ 
sure,  however,  encompasses  several 
additional  difficulties  which  were 
overcome  by  appropriately  "factoring" 
the  off-track  deviation  average 
values. 


2.2.2. 1. 2  Consistency 

A  second  index  of  system  performance 
is  the  pilot's  ability  to  control  his 
vessel  about  his  desired,  or  track- 
made-good,  line.  A  small  variation 


around  his  actual  mean  off-track  de¬ 
viation  line  indicates  tight,  consistent 
control  while  a  large  value  indicates  a 
condition  of  control  difficulty.  The 
standard  deviation  of  the  ship's  off¬ 
track  deviation  is  the  measure  of  con¬ 
sistency  (C)  used  in  this  experiment. 


2.2.2. 1.3  Factored  Absolute  Value  of 
Off-Track  Deviation 

The  track  line  that  the  subject  wished 
to  follow  might  not  be  the  centerline 
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of  tiie  channel,  and  might  vary  from 
subject  to  subject.  The  measurement 
from  centerline  therefore  doesn't 
totally  reflect  the  subject's  ability  to 
control  the  vessel  to  a  desired  refer¬ 
ence. 

One  approach  which  would  overcome 
this  problem  would  be  to  require  the 
subject  to  maintain  center  track.  This 
approach  was  rejected  since  it  could 
have  an  impact  on  the  techniques  nor¬ 
mally  used  by  the  pilot,  resulting  in  a 
large  deleterious  effect  on  his  ex¬ 
hibited  control  capability. 

A  second  method  that  could  be  used 
would  be  to  have  each  subject  indicate 
his  desired  track  before  his  runs.  This 
was  in  fact  attempted  but  difficulties 
arose  because  of  the  variability  of 
subject  response.  Some  thought  it 
through  quite  seriously  before  indicat¬ 
ing  a  track  line.  Some  responded  very 
quickly,  without  much  thought. 
Others  wouldn't  answer,  saying  "it 
depends." 


the  latter  and  his  off-track  deviation 
score  should  be  reduced  to  reflect  it. 
This  could  be  accomplished  by  multi¬ 
plying  the  mean  off-track  deviation  by 
a  factor  of  consistency  (in  feet) 
divided  by  one  hundred  feet.  When 
this  C/100  ratio  becomes  one  or  more, 
the  reduction  function  is  eliminated. 
When  it  is  smaller  than  one,  the  func¬ 
tion  reduces  the  "factored"  off-track 
deviation. 

Another  distortion  exists  when  using 
the  unfactored  off-track  deviation 
measure  for  comparison  of  perform¬ 
ance.  Individual  runs  were  labeled 
according  to  wind  ratio.  With  a  given 
wind  speed  it  is  more  difficult  to  con¬ 
trol  a  slowly  moving  vessel  than  one 
that  is  moving  more  quickly.  There¬ 
fore,  the  attempt  was  made  to  stan¬ 
dardize  the  ship  speed  at  five  knots 
and  vary  the  wind  speed  to  effect  a 
variation  of  the  wind  ratio  variable. 
The  wind  speed  was  controllable  by 
system  program  control  but  ship  speed 
was  under  test  subject  control. 


A  third  approach,  which  incidently 
gives  an  indirect  indication  of  the 
pilots'  desires,  is  to  adjust  the  magni¬ 
tude  of  off-track  deviation  as  a  func¬ 
tion  of  his  consistency  (C)  derived 
from  his  standard  deviation  of  off¬ 
track  deviation.  As  previously  noted, 
if  the  standard  deviation  is  small  then 
it  obviously  reflects  good  ship  position 
control  (that  is,  a  high  degree  of  con¬ 
sistency)  even  if  the  associated  off¬ 
track  deviation  is  not  small.  For 
example,  if  the  deviation  was  200  feet 
on  average,  but  the  standard  deviation 
was  only  50  feet,  then  the  test  subject 
with  this  performance  was  trying  to 
stay  closer  to  the  200  foot  mark  off¬ 
track  and  doing  it  more  successfully 
than  another  test  subject  with  a  200 
foot  average  off-track  deviation  but  a 
larger  standard  deviation,  say  150 
feet.  The  former  test  subject  showed 
more  consistent  performance  than  did 


While  all  subjects  were  told  to  main¬ 
tain  five  knots,  not  all  of  them  did. 
Therefore  a  factor  to  account  for  the 
higher  ship  speed  used  was  needed  to 
penalize  (or  enlarge)  the  off-track 
deviation  obtained  by  means  of  exces¬ 
sive  ship  speed.  This  factor  was  a 

f',nc,iono,  shipped  • 

Therefore,  a  factored  performance 
measure  for  off-track  deviation  was 
generated  with 


^  Factored  = 


(!>n 


where  1X1  is  average  absolute  value  of 
off-track  deviation  and  m  and  n  are 
constants  larger  than  or  equal  to  one. 
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L2J.U  Boundary  Penetrations 

Of  practical  significance  is  the 
number  of  times  the  ship  exceeded  the 
channel  boundaries.  Each  such  inci¬ 
dent  is  referred  to  as  a  boundary  pene¬ 
tration.  The  run  continued  to  comple¬ 
tion  despite  such  occurrences.  Al- 
though  the  off-track  deviation  (1X1) 
and  consistency  (C)  measures  were 
based  on  the  track  of  the  center  of 
gravity  of  each  vessel  in  each  run,  the 
ship's  length,  width,  and  crab  angle 
were  taken  into  account  in  deter¬ 
mining  when  a  portion  of  the  ship's 
hull  penetrated  the  channel  boundary. 


2.2.2.2  Pilot  Performance  Measures 

2.2.2.2. 1  Ship  Speed 

The  ship  speed  (S)  was  measured  in¬ 
stantaneously  and  compared  against 
the  desired  level  in  each  experimental 
run.  It  was  suspected  that  pilots 
manipulated  their  ship  speed  to  en¬ 
hance  controllability.  Since  pilots 
were  initially  instructed  to  maintain  a 
five  knot  ship  speed,  variations  about 
this  value  resulted  in  redefinition  of 
the  wind  ratio  experimental  variable. 
Pilot  ability  to  maintain  the  assigned 
speed  provided  an  index  of  the  degree 
of  difficulty  encountered  while 
attempting  to  follow  instructions  and 
remain  within  the  experimental 
framework.  Mean  and  standard  devia¬ 
tion  values  were  obtained  by  leg,  by 
subject,  and  by  all  experimental  condi¬ 
tions. 


2.2.2.2.2  Rudder  Angle 

Rudder  angle  was  measured  to  deter¬ 
mine  the  relative  amount  of  rudder 
needed  across  experimental  condi¬ 
tions.  Differences  in  the  amount  of 
rudder  that  is  used  by  different  ships 
under  identical  external  environmental 


conditions  are  highly  dependent  on  the 
individual  ship  designs  and  therefore 
equal  values  of  rudder  do  not  neces¬ 
sarily  reflect  equal  levels  of  control 
requirements  for  the  vessels.  On  the 
other  hand,  differences  in  rudder  used 
on  the  same  vessel  for  different  condi¬ 
tions  do  measure  the  variability  in 
control  needs  caused  by  the  variation 
in  external  conditions. 


2.2.2.2.3  Zero  Angle  Rudder  Cross¬ 
ings 

A  smooth  passage  with  little  control 
difficulty  would  normally  require  some 
changes  in  rudder  angle  for  minor 
course-keeping  needs.  However, 
major  changes  in  the  rudder  angle,  and 
especially  changes  that  cross  the  mid¬ 
rudder  position  as  the  ship  controller 
reacts  and  over-reacts  to  the  condi¬ 
tions  of  the  passage,  are  all  evidence 
of  large  control  problems.  The 
number  of  rudder  zero  angle  (midship) 
crossings  therefore  was  used  to  indi¬ 
cate  the  degree  of  heading  rate  con¬ 
trol  required  across  experimental  con¬ 
ditions,  as  well  as  the  degree  of  diffi¬ 
culty  encountered  maintaining  track 
during  the  run. 


2.2.2.2A  Kick  Turns 

It  was  anticipated  prior  to  the  experi¬ 
ment  runs  that  the  number  of  kick 
turns  that  were  used  would  be  an 
effective  measure  of  both  pilot  con¬ 
trol  and  difficulties  encountered. 
Unfortunately,  changes  in  propeller 
speed  to  establish  or  decrease  a  turn 
rate  and  changes  in  ship  speed  to 
attain  a  higher  degree  of  control  (in 
general  through  higher  average  speed) 
became  indistinguishable  from  one 
another  in  many  instances,  thereby 
nullifying  the  effectiveness  of  this 
measure. 


2.3  SCENARIO  AND  VESSEL  DE¬ 
SCRIPTIONS 

2.3.1  Scenario 

The  scenario  used  in  this  experiment  is 
shown  in  Figure  2-1  and  consists  of 
two  straight  channel  legs,  the  first 
running  at  000°  and  the  second  on  a 
course  line  of  045°.  The  scenario  has 
been  broken  into  segments  Lj,  1,  2,  3, 
4,  L2,  and  5  for  identification  pur¬ 
poses. 

Li  starts  at  entrance  buoys  1  and  2 
and  runs  for  1/4  nm.  Leg  1  runs  for 
3/4  nm  followed  by  segment  2,  which 
starts  1/4  nm  beyond  buoys  3  and  4 
and  includes  the  45°  turn  up  to  buoys  9 
and  10.  Segment  2  is  further  sub¬ 
divided  into  segments  2a,  2b,  2c  and 
2d  as  shown  in  Figure  2-1.  Segment 
2a  is  1  nm  long.  The  start  and  end  of 
segments  3,  4,  L2  and  5  are  coincident 
with  the  appropriate  buoys,  as  shown. 
The  channel  is  800  feet  wide  except 
for  part  of  transition  segment  L2  and 
segment  5.  The  perception  of  the 
change  of  channel  width  was  accom¬ 
plished  by  a  200  foot  shoal,  which 
effectively  changes  usable  width  to 
600  feet.  The  primary  analyses  were 
accomplished  over  five  legs,  which  did 
not  include  the  turn  or  transition 
areas.  Each  Leg  relates  to  a  segment 
(Seg)  as  follows: 

Leg  1  -  Seg  1 
Leg  2  -  Seg  2a 
Leg  3  -  Seg  3 
Leg  4  -  Seg  4 
Leg  5  -  Seg  5 

The  depth  of  water  to  ship  draft  ratio 
throughout  the  usable  portion  of  the 
channel  is  approximately  1.25  so  that 
channel  depth  was  50  feet  for  the 
80,000  DWT  tanker  (40  foot  draft)  and 
45  feet  for  the  LNG  and  30,000  DWT 
tanker  (35  foot  and  36  foot  drafts 
respectively).  The  15  foot  high  shoal 


could  cause  a  simulated  grounding  for 
all  three  vessels  because  of  a  5  foot  or 
6  foot  "interference."  Dank  effects 
were  present  for  the  appropriate  runs 
and  forces  acted  on  the  ships  based  on 
a  bank  height  to  water  depth  ratio  of 
0.8. 

The  channel  described  above  was  used 
for  all  experiment  runs.  Runs  were 
inbound  with  clear  visibility  and  no 
traffic.  Differences  between  the  runs 
were  only  related  to  differences  in 
wind  magnitude  and  direction  and  the 
presence  or  absence  of  banks.  Cur¬ 
rents  were  always  zero. 

There  were  a  total  of  13  wind  condi¬ 
tions  for  this  experiment: 

o  A  light  wind  condition  of  10 
knots  (135°  true),  used  as  a 
channel  familiarization  run  for 
all  vessels. 

o  Six  wind  conditions  (three  wind 
magnitudes  and  two  sides),  used 
for  LNG  vessels. 

o  Six  wind  conditions  (three  wind 
magnitudes  and  two  sides),  used 
for  the  tankers. 

The  actual  wind  magnitudes  and  wind 
directions  for  each  leg  of  the  scenario 
are  shown  in  Table  2-3  for  the  tankers 
and  Table  2-4  for  the  LNG  carriers.  A 
3%  random  perturbation  in  magnitude 
was  used  at  ail  levels  of  wind. 


2.3.2  Vessel  Characteristics 

o  125,000  m3  LNG 

o  80,000  DWT  Tanker 

o  30,000  DWT  Tanker 

One  of  the  variables  established  for 
the  experiment  was  the  class  of  ship 
used.  The  hydrodynamic  character¬ 
istics  of  three  ships  (an  Aquarius  Class 


TABLE  2-3.  SCENARIO  CONDITIONS,  TANKER  RUNS 


Wind 

Wind  Direction  | 

Leg 

Magnitude  (kn) 

True  (deg) 

Rel  (deg) 

Ll 

10 

90 

90 

1 

Xl 

105 

105 

2A 

X 

120 

120 

Starboard 

2B 

X 

165 

165  2 

Conditions 

2C 

X 

155 

110 

2,  4,  6 

2D 

X 

145 

100 

3 

X 

135 

90 

4 

X 

ISO 

135 

L2 

10 

135 

90 

5 

X 

150 

105 

Ll 

10 

270 

-90 

1 

X 

255 

-105 

2A 

X 

240 

-120 

Port 

2B 

X 

285 

-75  3 

Conditions 

2C 

X 

295 

-110 

3,5,7 

2D 

X 

305 

-100 

3 

X 

315 

-90 

4 

X 

270 

-135 

L2 

10 

315 

-90 

5 

X 

300 

-105 

Condition 

X 

Perturbation 

2,  3 

40  knots 

3% 

5 

50  knots 

3% 

6,  7 

65  knots 

3% 

897  foot  long  LNG,  an  80,000  DWT  763 
foot  long  tanker,  and  a  30,000  DWT 
595  foot  long  tanker)  were  incorpor¬ 
ated  into  the  CAORF  simulator  for 
this  purpose.  The  primary  ship  maneu¬ 
vering  characteristics  for  these  three 
vessels  are  shown  in  Figures  2-2,  2-3, 
and  2-4  respectively. 


2.4  TEST  SUBJECTS 

This  experiment  required  a  total  of  24 
full  branch  harbor  pilots  experienced 
with  the  type  of  vessel  that  they  were 
to  handle  at  CAORF.  Eighteen  of 
these  subjects  (six  for  30,000  DWT 
tankers,  six  for  80,000  DWT  tankers, 
and  six  for  LNGs)  were  used  with  the 
bank  effects  scenario  while  six  of 
them  (for  the  80,000  DWT  tanker) 
were  used  with  a  scenario  which  did 
not  contain  vertical  banks.  Since  the 
LNG  grouping  consisted  of  pilots  in¬ 
experienced  with  the  CAORF  simula¬ 
tor,  it  was  highly  desirable  that  the 
other  18  test  subjects  also  have  little 
or  no  experience  with  the  simulator. 

No  special  requirements  were  imposed 
for  helmsmen.  Each  helmsman  was  an 
experienced  AB  seaman,  having  pre¬ 
viously  performed  turns  at  sea  as  well 
as  at  CAORF.  It  should  be  noted  at 
this  point  that  helm  orders  were  given 
only  as  rudder  commands  by  the  pilots. 
This  procedure  has  been  used  in  the 
past  at  CAORF  to  eliminate  "helms¬ 
man  effects"  and  to  ensure  that  the 
control  of  the  vessel  is  entirely  due  to 
the  test  subject's  performance. 
Therefore,  the  standard  grouping  of 
helmsman  used  for  most  CAORF  ex¬ 
periments  was  adequate  for  the  cur¬ 
rent  study. 


2.5  PROCEDURES 

The  simulator  ruis  for  this  experiment 
were  spread  over  a  three  month  time 


frame.  Rigorous  and  consistent  con¬ 
trol  had  to  be  maintained  over  the 
complete  period  to  ensure  that  spur¬ 
ious  confounding  experimental  effects 
due  to  differences  in  the  procedural 
handling  of  the  twenty-four  test  sub¬ 
jects  were  minimized.  A  sequential 
listing  of  test  subject  activities  was 
used  for  this  purpose  and  is  presented 
for  reference  in  Appendix  D  as  part  of 
"Experiment  Responsibilities  and 
Sequential  Schedule  Check  List  For 
Test  Subjects."  The  procedures  follow 
a  pattern  of  familiarization,  experi¬ 
mental  rims,  and  final  debriefing. 


2.5.1  Test  Subject  Familiarization 

2.5.1. 1  CAORF  Familiarization 

As  indicated  above,  test  subjects 
arriving  at  CAORF  for  this  experi¬ 
ment  were,  in  the  main,  not  familiar 
with  the  facility  and  therefore  needed 
a  complete  familiarization.  They  init¬ 
ially  viewed  the  indoctrination  movie 
in  the  lounge  area,  after  which  a 
research  staff  member  discussed  vari¬ 
ous  relevant  items  with  them  including 
the  relationship  of  CAORF  to  NMRC 
to  MarAd  to  GDS  to  Sperry,  the 
CAORF  research  program,  the  types 
of  research  which  have  been  run  in  the 
past,  test  subject  ID  numbers  and 
schedules,  and  the  form  and  usage  of 
research  results. 

As  an  aid  towards  familiarization  the 
test  subjects  were  given  the  CAORF 
orientation  manuscript  to  read.  (See 
Appendix  D.) 

The  general  CAORF  familiarization 
was  then  brought  into  more  detailed 
focus  with  an  explanation  of  the 
system's  ability  to  simulate  the  char¬ 
acteristics  of  different  vessels.  The 
ship  to  be  handled  by  the  test  subjects 
was  described,  as  were  the  availability 
of  an  experienced  helmsman  and  the 


Figure  2-2.  Vessel  Characteristics,  30,000  DWT  Tanker 


2-3.  Vessel  Characteristics,  80,000  DWT  Tanker 


Vessel  Characteristics,  LNG  Carrier 


need  for  rudder  orders  rather  than  2J.U  Bridge  Familiarization 

course  orders.  It  was  pointed  out  that 

several  runs  would  be  made  in  a  real-  Although  the  test  subjects  used  in  this 

istic  channel  under  varying  and  experiment  were  experienced  pilots, 

extreme  environmental  conditions,  they  were  not  familiar  with  the 

with  winds  but  not  currents  present.  CAORF  bridge  and  its  specific  equip- 

It  was  explained  that  at  the  start  of  ment,  the  handling  characteristics  of 

each  run  a  weather  forecast  would  be  Ownship,  the  properties  of  the  visual 

read  to  the  test  subject  (see  Figure  scene,  or  the  specific  procedures  that 

2-5).  It  was  also  explained  that  the  would  be  used.  A  brief  period  of 

purpose  of  the  study  was  to  determine  familiarization  or  training  was  given 

the  manner  in  which  the  ships  were  to  each  test  subject  prior  to  his  base- 

brought  through  the  channel  wider  the  line  run.  On  the  bridge,  the  bridge 

prevalent  conditions  and  that  a  more  console,  steering  stand,  radars,  rela- 

detailed  discussion  of  the  objectives  of  five  wind  instruments,  phones,  pel- 

the  experiment  would  be  postponed  or  uses,  etc.  were  shown  to  Mm.  The 

until  completion  of  all  runs  (i.e.,  turn  rate  indicator  was  also  pointed 

during  a  final  debriefing).  out,  and  the  fact  that  its  readout  is  in 

degrees  per  second  was  emphasized. 

The  appropriate  deep  water  vessel  The  signal  telegraph  control  was  indi¬ 
characteristics  of  length,  beam,  draft,  cated,  including  the  fact  that  "bridge 

vessel  turning  circles,  crash  stop  in-  control"  would  be  used  during  the 

formation  and  ship  speed  vs.  rpm  (no  experiment.  A  mate  was  always  pre¬ 
wind)  were  shown  to  the  test  subject  sent  an  the  bridge  during  the  familiar- 

figures  2-2,  2-3,  and  2-4).  This  in-  ization  and  maneuvering  run  to  de¬ 

formation  was  also  left  on  the  bridge  scribe  bridge  equipment,  answer  ques- 
during  the  experiment  runs.  tions,  and  to  introduce  conditions  of 


1022302  VIA  WSL 
NOAA  WX  ADVISORY 

0700  AMBROSE  T0UER  REPORTS  TEMPERATURE  69  DEGREES/BAROMETRIC 
PRESSURE  29.72  INCHES.  WESTERLY  MINDS  35  TO  45  KNOTS.  SEAS 
2  TO  3  FT.  SKIES  ARE  CLEAR-VISIBILITY  10  MILES  IN  LIGHT 
HAZE.  SEA  MATER  TEMPERATURE  60  DEGREES. 

FORECAST  FOR  CAPE  MAY  TO  BLOCK  ISLAND  INCLUDING  LONG  ISLAND 
SOUND,  THE  LONG  ISLAND  SOUTH  SHORE  BAY  AREA,  NEW  YORK  HARBOR 
AND  THE  LOWER  HUDSON  RIVER  -  CLEAR  AND  SEASONABLY  MARM  OVER¬ 
NIGHT  WITH  TEMPERATURES  IN  THE  LOW  TO  MID  60's.  WINDS  VARI¬ 
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LESS  THAN  1  MILE  IN  PATCHY  DENSE  FOG.  THERE  IS  A  SMALL 
CRAFT  ADVISORY  IN  EFFECT  AT  THIS  TIME. 


the  actual  experiment  runs.  The  need 
to  maintain  five  knots  of  Ownship 
speed  in  the  experiment  was  intro¬ 
duced  at  this  point. 


2.5.1.3  Ship  Handling  Familiarization 

A  preliminary  maneuvering  run  was 
made  by  the  test  subject  through  a 
special  scenario,  shown  in  Figure  2-6. 
The  vessel  that  would  be  used  by  each 
subject  in  his  experiment  runs  was 
used  for  the  maneuvering  run.  This 
allowed  the  test  subject  to  become 
familiar  with  the  ship's  bridge,  the 
visual  scene,  the  handling  character¬ 
istics  of  the  vessel,  the  helmsman, 
etc.,  prior  to  the  acquisition  of  experi¬ 
mental  data.  The  maneuvering  run 
scenario  consisted  of  four  anchored 
ships  placed  as  shown  in  Figure  2-6, 
clear  visibility,  and  open  sea,  deep 
water  conditions. 


ft  COME  BACK  TO 
}  COURSE  000° 

STATIONARY 
'  7  SHIPS 


REDUCE  SPEED 
-  TO  5  KNOTS 

MAKE  MANEUVERS 
'V—  TO  STAY  CLOSE 
J  TO  OTHER  SHIP 

V.  START  RIGHT  TURN 
WHEN  ABEAM  OF 
—  BUOY 

OWNSHIP  _ 

COURSE  000°  TRUE 
SPEED  15  KNOTS 


1/2  NM 


3/4  NM 

— * —  i 

BUOY 
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Figure  2-6.  Maneuver  Familiarization 
Diagram 


The  maneuvering  run  was  accom¬ 
plished  by  the  test  subject  transiting 
past  the  first  two  anchored  ships  at  15 
knots.  The  vessel  was  then  brought 
down  to  the  appropriate  engine  rpm 
for  five  knots  by  the  pilot/mate.  No 
winds  or  currents  were  present  during 
this  maneuvering  training. 

The  maneuvering  training  terminated 
at  the  pilots'  discretion  after  Own- 
ship's  speed  had  actually  come  down  to 
five  knots  and  at  least  one  additional 
anchored  ship  had  been  passed.  This 
was  normally  at  a  point  after  the 
completion  of  the  turn  around  the 
third  vessel,  where  the  turn  rate  had 
decreased  to  zero. 


2.5.2  Experiment  Runs 

Each  test  subject  transited  through 
the  channel  scenario  seven  times 
(Figure  2-1).  The  first  experiment  run 
was  designated  a  baseline  run  (under 
low  wind  conditions),  while  the  follow¬ 
ing  six  runs  occurred  at  three  differ¬ 
ent  wind  magnitudes  from  the  port 
side  and  the  same  three  magnitudes 
from  the  starboard  side.  The  required 
combinations  of  conditions  for  this 
experiment  (13  in  number)  are  de¬ 
scribed  in  Section  2.3.1. 

Prior  to  the  baseline  run  a  CAORF 
research  staff  member  described  the 
channel  to  the  test  subject.  The  sub¬ 
ject  then  conned  the  vessel  through 
the  baseline  run  (at  low  wind  condi¬ 
tions)  and  became  familiar  with  the 
channel  characteristics. 

After  the  baseline  run  was  completed 
a  CAORF  research  staff  member  dis¬ 
cussed  the  channel  with  the  test  sub¬ 
ject  and  attempted  to  elicit  his  transit 
plan  (desired-track)  for  "heavy"  wind 
conditions.  It  had  been  expected  that 
most  subjects  would  prefer  a  desired 


centerline  track  or  one  slightly  to 
windward.  Most  did  give  that  type  of 
response  but,  as  indicated  previously, 
there  was  sufficient  evidence  to  cast 
doubt  on  the  reliability  of  these  re¬ 
sponses.  Figure  2-7  was  used  to 
obtain  the  desired-track  information. 

Wind  ratio  was  one  of  the  major  vari¬ 
ables  in  this  experiment.  The  effects 
of  wind  magnitude  on  Ownship's  char¬ 
acteristics  change  with  Ownship 
speed,  and,  though  the  experimenter 
could  impose  a  true  wind  magnitude 
for  each  experimental  run,  it  was 
really  the  ratio  of  wind  magnitude/ 
ship  speed  which  should  have  been  held 
at  its  correct  value.  It  was  therefore 
a  prime  requisite  that  all  portions  of 
all  runs  be  made  at  the  desired  ship 
speed  of  five  knots  so  that  the  afore¬ 
mentioned  ratio  was  correctly  main¬ 
tained.  This  requirement  was  em¬ 
phasized  by  the  staff  researcher  prior 
to  each  run,  as  well  as  by  the  mate  on 
the  bridge  during  the  run  if  Ownship's 
speed  became  excessive. 

Ownship  was  equipped  with  a  normal 
complement  of  bridge  instrumenta¬ 
tion.  The  test  subjects  received  no 
explicit  instruction  as  to  which  instru¬ 
ments  should  be  used  or,  for  that 
matter,  not  used.  A  member  of  the 
CAORF  operations  staff  was  present 
on  the  bridge,  serving  as  a  mate  during 
all  runs.  The  role  of  the  mate  was  to 
respond  to  any  questions  that  the  pilot 
might  have  concerning  the  ship.  They 
were  instructed  not  to  offer  any  un¬ 
solicited  information  but  rather  to 
respond  only  to  the  pilot's  inquiries. 
The  mate  was  also  responsible  for  exe¬ 
cuting  the  pilot's  engine  orders  and  for 
monitoring  and  recording  the  pilot's 
helm  commands. 

A  quartermaster  was  present  for  each 
run  to  man  the  helm.  To  minimize  the 
quartermaster's  contribution  to  ship 
handling,  all  test  subjects  were  asked 


to  issue  only  rudder  and  not  course 
commands  to  the  helm. 

Each  of  the  test  subjects  transited  the 
channel  six  times  after  the  base  line 
run.  All  subjects  received  the  follow¬ 
ing  instructions  prior  to  their  experi¬ 
mental  runs: 

Ownship  will  be  travelling  at  a 
speed  of  five  knots  with  light 
winds  when  the  transit  begins. 

This  speed  should  be  maintained 
through  the  channel.  The 
weather  forecast  for  this  run  is 
indicated  by  the  following 
weather  forecast 

No  traffic  will  be  present  in  the 
channel  to  hinder  your  passage. 
You  should  follow  the  desired 
path  that  you  have  indicated 
whenever  possible. 

As  you  conn  the  vessel  in  the 
transits  of  this  experiment  we 
would  like  you  to  carry  out  an 
additional  task.  As  you  conduct 
your  bridge  activities  try  to 
"think-out-loud."  Assume  you 
are  instructing  an  apprentice  on 
the  bridge,  and  in  that  context 
explain  the  reasons  underlying 
and  forming  the  basis  for  your 
commands. 

The  instruction  to  the  subjects  regard¬ 
ing  verbal  reporting  was  supplemented 
by  an  audio  tape  which  demonstrated  a 
mariner  actively  engaged  on  the 
bridge  and  generating  a  "think-out- 
loud"  report.  This  activity  occurred 
just  prior  to  the  baseline  run  and 
served  as  an  instructional  aid  for  the 
subjects. 

The  "think-out-loud"  procedure  had 
been  part  of  an  earlier  experiment  in 
narrow  channel  passages  to  determine 
if  the  activity  actually  diverted  the 
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Figure  2-7.  Desired  Track  Sheet 


mariner  from  his  prime  task  of  pilot¬ 
age.  It  was  found  that  it  did  not 
interfere  and  was  used  during  this 
experiment  as  a  subjective  analytical 
tool  to  determine  when  (or  which) 
pilots  were  encountering  difficulties. 
No  formal  analyses  were  performed  on 
this  "measure.” 


2.5.3  Final  Debriefings 

At  the  conclusion  of  the  last  run  a 
final  debriefing  was  held  with  each 
test  subject  by  a  member  of  the 
CAORF  research  staff.  This  was 
taped  on  a  small  audio  recorder  and 
followed  a  structured  format.  Ques¬ 
tions  regarding  the  subjective  reac¬ 
tions  to  the  overall  experiment,  vessel 
handling,  and  actual  experience  inder 
severe  wind  conditions  by  the  pilot 
were  explored.  Table  2-5  is  a  sum¬ 
mary  listing  of  questions. 


2.6  DATA  COLLECTION 

A  variety  of  sources  were  used  for 
data  collection  during  the  running  and 
analyses  of  the  experiment.  The 
major  performance  measures  were 
obtained  from  computer  summary 
datalogs,  ship's  bridge  data  sheets, 
precise  navigational  data  printouts, 
and  debriefings.  The  primary  source 
for  all  objective  data  during  the  actual 
experiment  runs  was  the  "playback 
tapes."  This  is  a  magnetic  recording 
of  each  run,  taken  at  a  fixed  time 
interval,  of  important  computer  and 
ship  parameters  (numbering  well  over 
1,000  items).  The  recording  rate  for 
the  experiment  was  once  every  10 
seconds. 


2.6.1  Computer  Summary  Datalogs 

Computer  summary  datalogs  are  print¬ 
outs  from  the  playback  tapes.  A  small 


number  of  parameters  were  made 
available  to  research  personnel  moni¬ 
toring  the  experimental  runs.  These 
were  called  up  on  command  at  the 
Control  Station  Digital  Display.  This 
information  was  then  available  as  hard 
copy  printouts  at  the  end  of  groups  of 
runs.  A  listing  of  the  items  obtained 
on  the  printouts  is  shown  in  Table  2-6. 


2.6.2  Precision  Navigation  Data  Print¬ 
outs 

During  the  actual  runs,  stored  para¬ 
meters  as  well  as  specially  computed 
parameters  were  made  available  to 
research  personnel  monitoring  the 
experimental  runs.  These  were  called 
up  on  command  at  the  Control  Station 
Digital  Display.  This  information  was 
then  available  as  hard  copy  printouts 
at  the  end  of  groups  of  runs.  A  listing 
of  the  items  obtained  on  the  printouts 
are  shown  in  Table  2-7. 


2.6.3  Summary  Plots 


The  analyses  of  the  experimental  data 
were  conducted  primarily  with  five 
segments:  a  3/4  nm  segment  followed 
by  a  one  nm  segment  prior  to  the  turn; 
two  3/4  nm  800  foot  wide  segments 
after  the  turn;  and  a  3/4  nm  600  foot 
wide  segment  containing  a  shoal. 
Within  these  segments  summary  plots 
were  made  to  graphically  demonstrate 
the  trends  caused  by  the  experimental 
variables.  At  1/8  nm  points  along 
these  segments  the  ship  position  of  all 
six  test  subjects  per  wind  condition 
per  ship  were  averaged  and  displayed. 
In  addition,  the  maximum  and  mini¬ 
mum  value  off-track  at  each  1/8  nm 
were  also  shown  as  well  as  plus  or 
minus  one  standard  deviation.  The 
summary  plots  are  contained  in  the 
Results  &  Discussion  section  of  this 
report. 


2-19 


TABLE  2-5.  SUMMARY  OF  FINAL 


At  the  conclusion  of  the  last  run  a  final  debriefing  will  be  held  with 
each  test  subject  by  a  member  of  the  CAORF  research  staff.  This  should 
be  taped  on  the  small  audio  recorder  and  should  follow  a  structured 
format: 

o  Do  you  have  any  comments  about  the  experience  you've  just  under¬ 
gone? 

o  Do  you  feel  that  the  vessel  handled  normally,  l.e.,  realistically 
In  the  first  base  line  run?  In  the  subsequent  high  wind  runs? 

o  Have  you  ever  experienced  wind  conditions  of  this  type  In  your 
actual  piloting  activities?  How  often? 

o  What  are  the  environmental  criteria  for  your  suggesting/insisting 
that  the  ship  anchor  and  wait  for  calmer  conditions? 

o  Are  there  track  keeping  clues  or  cues  in  your  home  area  that  were 
missing  here? 

o  Do  you  feel  that  you  handled  the  vessels  in  a  realistic  manner, 
i.e.,  the  way  you  would  have  In  your  own  areas.  (This  is  different 
than  the  ship  "feel"  question  since  it  is  aimed  more  towards  Pilot 
Performance  rather  than  Ship  Performance.) 

o  Was  the  channel  width  approximately  the  same  size  as  your  home  area? 
Does  that  area  have  bank  effects?  Did  you  try  to  use  them  here? 
Did  they  seem  proper/realistic  here,  based  on  the  first  run  in  light 
winds? 

o  Do  you  feel  that  your  performance  was  constant;  improved  as  a  func¬ 
tion  of  time  spent  on  simulator;  varied  as  a  function  of  wind  speed? 

o  Did  the  verbal  reporting  interfere  with  your  job? 

o  What  instruments  did  you  use?  Did  your  use  here  represent  your 
typical  use  of  instruments  in  your  home  area? 

o  Did  you  have  difficulty  holding  down  your  speed?  What  techniques 
did  you  use  to  accomplish  this?  Would  you  ever  reverse  engines  to 
reduce  speed,  under  like  conditions,  in  your  owm  area?  Do  you 
attempt  to  hold  down  speed  in  home  area?  How? 

o  Do  you  normally  (ever)  find  that  you  can  locate  a  "slot"  for  a  ship 
while  operating  in  a  channel  which  allows  for  movement  of  the  ship 
along  a  leg  without  change  of  rudder  or  minimum  change  of  rudder? 

o  Do  you  normally  give  course  orders  or  rudder  orders? 

o  Please  do  not  discuss  the  experiment  with  anyone  for  3  months. 
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TABLE  2-6. 


SUMMARY  DATALOG  PARAMETERS 


1.  Bridge  Time 

2.  Playback  Tape  Number 

3.  Ownship  Ground  Speed  (knots) 

4.  Ownship  North  Coordinate  (nm) 

5.  Ownship  East  Coordinate  (nm) 

6.  Rudder  Angle  (degrees) 

7.  Engine  Propeller  Speed  (rpm) 

8.  Water  Depth  (feet) 


TABLE  2-7. 

PRECISION  NAVIGATION  DATA  PARAMETERS 

1. 

Playback  Tape  Number 

2. 

Channel  Leg  Number 

3. 

Distance  to  Way  Point  (nm) 

4. 

Distance  Off-Track  (feet) 

5. 

Speed  Along  Track  (knots) 

6. 

Speed  Across  Track  (feet/minutes) 

7. 

Incremental  Distance  Along  Track  (feet) 

8. 

Crab  Angle  (degrees) 

9. 

Yaw  Rate  (degrees) 

10. 

Ownship  Heading  (degrees) 

11. 

Rel.  Wind  Speed/Ship  Speed 
(knots/knots) 

12. 

Rel.  Wind  Angle  (degrees) 

CHAPTER  3 
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3.1  INTRODUCTORY  SUMMARY 

3.1.1  Chapter  Contents 

The  major  purposes  of  the  experiment 
were  to  determine  the  narrow  channel 
ship-handling  performance  differences 
between  three  classes  of  ships  under 
heavy  wind  conditions,  and  to  discern 
the  effects  of  wind-based  inherent 
ship  instabilities  on  the  performances 
exhibited  by  experienced  pilots  while 
conning  these  vessels.  The  experi¬ 
mental  data  has  been  subjected  to  a 
variety  of  analyses  and  the  findings 
are  presented  and  discussed  within  this 
chapter. 

Paragraph  3.2  contains  the  results  of 
five  sets  of  statistical  analyses  which 
make  use  of  seven  performance  mea¬ 
sures  in  defining  performance  differ¬ 
ences  which  had  been  demonstrated 
under  the  environmental  conditions 
examined. 


wind  and  channel-with-banks  condi¬ 
tions.  These  samples  were  derived 
from  so-called  parent  populations  and, 
by  using  standard  analytical  techni¬ 
ques,  estimates  of  these  population 
distributions  can  be  derived  from  the 
characteristics  (i-e.,  statistics)  of 
their  representative  samples.  The 
confidence  interval  of  the  population 
means,  as  well  as  probable  range  of 
standard  deviations,  were  developed 
for  several  primary  performance  mea¬ 
sures  used  in  this  experiment.  These 
findings  are  presented  in  paragraph 
3.4. 

A  performance  and  stability  discussion 
which  draws  on  the  findings  of  para¬ 
graphs  3.2  and  3.3  is  included  in  para¬ 
graph  3.5.  This  includes  comments  on 
the  effects  of  wind  instabilities  on 
ship-handling  performance.  Additional 
ship  characteristics  data  for  the  three 
vessels  are  also  presented  as  part  of 
the  discussion. 


Summary  ground  tracks  are  presented 
and  discussed  in  paragraph  3.3.  The 
ground  tracks  that  are  shown  have 
been  generated  from  performance 
data  which  has  been  averaged  over 
each  pilot  grouping.  They  indicate  the 
nature  of  the  average  tracks  as  well  as 
the  variability  of  the  tracks  within  the 
five  key  legs  of  the  scenario.  These 
tracks  are  presented  for  all  ship 
groups  at  all  wind  conditions. 

Each  of  the  groupings  in  the  primary 
statistical  comparison  (the  LNG,  the 
80K  tanker,  and  the  30K  tanker  group) 
was  comprised  of  randomly  selected 
samples  of  pilots  experienced  with  and 
conning  a  particular  vessel  under  given 


3.1.2  Summary 

A  summary  assessment  of  the  experi¬ 
ment's  findings  indicates  that  LNG 
carrier  pilots  consistently  had  a  more 
difficult  time  controlling  their  vessels 
than  did  the  tanker  pilots.  When  dif¬ 
ferences  in  tanker  ship-handling  per¬ 
formance  surfaced  from  the  analyses 
it  was  usually  the  80K  tankers  that 
were  found  to  be  under  better  control. 
This  in  no  way  reflects  upon  the  cap¬ 
abilities  of  the  pilots,  since  all  pilots 
that  were  used  for  the  experiment  had 
many  years  of  experience  and  were 
randomly  selected  from  various  pilot 
organizations.  Variability  in  control 
capabilities  should  therefore  have 
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been  uniformly  distributed  throughout 
the  three  classes  of  vessels  that  were 
examined.  Instead,  the  findings  indi¬ 
cate  differences  in  ship-handling  diffi¬ 
culty  which  are  imposed  on  the 
mariner  by  the  inherent  character¬ 
istics  of  the  vessels  themselves. 

Of  further  interest,  difficulties  in 
ship-handling  performance  did  not  cor¬ 
relate  in  the  expected  manner  with  in¬ 
herent  wind-based  ship  instabilities. 
The  LNG  vessel  was  shown  to  have 
less  wind-induced  instabilities  and  yet 
demonstrated  a  higher  level  of  con¬ 
trollability  difficulties.  The  tanker 
pilots  were  able  to  overcome  their 
vessels'  instabilities  and  transited  the 
channel  with  less  problems. 

When  transits  were  made  through  a 
channel  with  vertical  banks,  the  pilots 
experienced  less  problems  than  when 
the  waterway  had  gentle  sloping  sides 
(i.e.,  no  bank  forces).  The  pilots  used 
the  banks  as  an  aid  to  make  their 
channel  passages  safer,  since  fewer 
penetrations  of  the  channel  boundaries 
by  any  portion  of  the  hull  were  evi¬ 
denced  when  bank  forces  were  pre¬ 
sent. 

Differences  in  channel  width  affected 
the  pilots  on  the  LNG  vessel  to  a 
greater  degree  than  those  pilots  that 
conned  the  tankers.  The  LNG  pilots 
perceived  that  the  narrower,  600  foot 
wide  portions  of  the  channel  would  be 
dangerous,  that  is  difficult,  and  sub¬ 
stantially  increased  their  speed  during 
this  portion  of  the  passage  to  acquire 
a  greater  degree  of  control  over  their 
vessel.  The  use  of  speed  to  maintain 
controllability,  by  LNG  pilots  in  par¬ 
ticular,  was  evidenced  throughout  the 
experiment,  especially  at  the  highest 
wind  levels.  The  LNG  pilots  found 
that  their  rudder  was  not  effective 
under  the  wind  conditions  they  en¬ 


countered,  and  therefore  used  kick 
turns  as  well  as  increased  ship  speed 
to  develop  the  necessary  turning  cap¬ 
ability. 

Estimating  techniques  using  the  find¬ 
ings  developed  from  the  experiment's 
sample  groupings  resulted  in  indica¬ 
tions  of  the  manner  in  which  all  pilots 
would  handle  these  classes  of  vessels 
under  comparable  real  world  environ¬ 
mental  conditions.  These  results 
strongly  indicate  that  such  passages 
through  600  to  800  foot  wide  channels 
by  LNG  vessels  without  outside  assist¬ 
ance  (e.g.,  tugs)  would  be  difficult. 
This  would  be  especially  true  if  vessels 
speeds  could  not  be  set  at  levels 
greater  than  10  knots. 

Overall,  the  pilots  were  shown  to  be 
capable  of  overcoming  the  wind-based 
instabilities  of  their  vessels  and  there¬ 
fore  differences  in  performances  that 
were  noted  were  due  to  other  causes, 
such  as  other  ship  characteristics. 
The  LNG  vessel  was  shown  to  have  an 
exceptionally  high  level  of  directional 
stability  at  high  wind  levels. 

3.2  STAT1S1CAL  ANALYSES  OF 
PERFORMANCE  MEASURES 

The  experiment 

was  structured  so  that  the  experi¬ 
mental  data  was  capable  of  being  ef¬ 
ficiently  analyzed  from  a  variety  of 
viewpoints.  The  purpose  of  the  stat¬ 
istical  analyses  was  to  determine  if 
differences  existed  in  the  performance 
exhibited  by  sample  groups  of  experi¬ 
enced  pilots  under  various  controlled 
conditions.  Performance  was  evalu¬ 
ated  by  means  of  a  set  of  seven  mea¬ 
sures,  three  of  which  were  concerned 
with  the  pilot  actions  (pilot  perform¬ 
ance  measures)  and  four  with  the 
results  of  the  actions  (system  per¬ 
formance  measures).  Five  sets  of 


comparisons  were  performed  on  the 
data: 

o  Main 

o  Bank/No  Bank 

o  Channel  Width 

o  Rudder  Effects 
o  Special  Experience 

The  primary  performance  comparisons 
(i.eM  main  comparisons)  were  made 
between  pilotage  exhibited  on  differ- 
ent  classes  of  ships  under  different 
wind  conditions  during  passages 
through  a  narrow,  shallow,  vertically 
banked  waterway.  The  comparisons 
were  based  on  the  total  performance 
during  the  straight  legs  of  the  channel. 

The  remaining  four  sets  of  analyses 
were  refinements  of  secondary  issues 
concerned  with  the  basic  comparisons. 
A  bank/no  bank  comparison  investi¬ 
gated  the  question  of  the  effects  and/ 
or  usage  of  bank  forces  during  the 
total  passage  through  the  channel. 
This  was  done  with  only  one  ship  type, 
the  80K  tanker.  A  channel  width 
comparison  analyzed  the  difference  in 
performance  on  the  three  classes  of 
ships  within  an  800  foot  wide  channel 
leg  and  a  600  foot  wide  channel  leg. 
One  of  the  vessels,  the  LNG  carrier, 
exhibited  an  unusual  rudder  character¬ 
istic  under  conditions  of  heavy  wind 
forward  of  the  ship's  beam.  An  exa¬ 
mination  of  the  effects  of  this  pheno¬ 
menon  was  also  conducted.  The  last 
comparison  was  based  on  an  exper¬ 
ience  factor;  one  group  was  selected 
for  actual  experience  with  a  particu¬ 
larly  long  and  narrow  waterway,  while 
its  comparitive  group  did  not  neces¬ 
sarily  have  this  type  of  background. 

Subparagraphs  3.2.1  through  3.2.5  pre¬ 
sent  the  results  of  these  five  statis¬ 
tical  sets  of  comparisons,  discussing 
only  those  performance  measures 
within  each  comparison  which  indicate 
the  differences  that  exist  between  the 


specific  groups  under  study.  When 
performance  differences  were  not 
determined  to  be  present,  they  were 
not  discussed.  A  complete  presenta¬ 
tion  of  ail  statistical  findings  (both 
significant  and  non-significant  differ¬ 
ences)  are  contained  in  Appendix  C  for 
reference  purposes. 

3.2.1  Main  Comparisons 

The  main  comparisons  are  based  on 
data  obtained  from  eighteen  test  sub¬ 
jects  assigned  to  three  groups.  Each 
group  handled  one  type  of  vessel:  an 
LNG  carrier,  an  80K  tanker,  or  a  30K 
tanker.  Ship  was  therefore  the  major 
variable,  with  wind  magnitude  (40,  50, 
or  65  knots)  and  wind  side  (starboard 
or  port)  two  additional  variables.  The 
data  was  obtained  from  six  channel 
transits  for  each  test  subject  consist¬ 
ing  of  all  combinations  of  wind  magni¬ 
tude  and  side.  The  data  base  for  the 
main  comparisons  consists  of  108 
transits  through  the  channel  with  bank 
effects  present.  The  statistics  for 
five  of  the  seven  performance  mea¬ 
sures  analyzed  were  based  on  data 
obtained  from  Legs  1,  2,  3,  4,  and  5 
(Figure  2-1),  while  the  remaining  two 
measures  of  rudder  crossings  and  con¬ 
sistency  also  include  the  turn  legs. 

3.2.1. 1  Absolute  Value  of  Off-Track 

Deviation,  l£f  (M.C.) 

Significant  differences  were  found 
between  the  means  of  absolute  magni- 
tude  of  off-track  deviation,  1X1,  in  the 
main  comparisons.  These  are  shown  in 
Table  3-1,  with  Xs  given  in  feet  from 
the  channel  centerline.  The  trend  of 
the  data  indicates  that  the  LNG  pilots 
on  average  obtained  a  larger  magni¬ 
tude  of  distance  off-track  than  pilots 
conning  the  other  two  vessels  under 
like  wind  conditions.  Under  starboard 
wind  conditions  the  off-track  devia¬ 
tion  obtained  for  the  LNG  was  larger 


TABLE  3-1.  ABSOLUTE  MAGNITUDE  OF  DISTANCE 
OFF-TRACK,  TXT  (MAIN  COMPARISON) 


Wind  Side 


Starboard 


p  <  0.05 


for  65  knots  (144  feet)  than  for  40 
knots  of  wind  (111  feet).  This  trend, 
however,  was  not  significantly  appar¬ 
ent  with  the  other  two  ships.  For  port 
wind  conditions  the  1X1  s  for  the  30K 
tanker  pilots  increased  with  wind 
magnitude  while  1X1  s  were  substan¬ 
tially  the  same  for  the  80K  tanker 
runs.  For  the  LNG,  1X1  for  50  knot 
winds  was  significantly  larger  than  for 
40  knot  winds  (195  feet  vs.  143  feet), 
but  for  65  knot  winds  (1X1  =169  feet) 
the  pilots  appeared  to  buck  the  trend 
of  increasing  1X1  with  increasing 
levels  of  wind.  The  difference  of  195 
vs.  169  feet  was  not  found  to  be 
significantly  different  in  a  statistical 
sense,  though.  A  general  trend  of 
larger  values  of  1X1  for  port  wind 
conditions  compared  with  those 
observed  under  conditions  of  starboard 
winds  was  also  apparent. 

Based  on  this  measure  and  as  noted 
above,  it  would  appear  that  the  pilots 
who  conned  the  LNG  carriers  had 


more  difficulty  controlling  their  ves¬ 
sels  than  pilots  of  the  other  two  ships. 


3.2.1.2  Consistency  of  Off-Track  De¬ 
viation,  C  (M.C.) 

Consistency  (C)  of  off-track  deviation 
is  another  figure  of  merit  of  the  level 
of  difficulty  that  the  pilots  exhibited 
while  transiting  the  channel.  It  is  a 
function  of  the  variation  in  actual 
track  line  measured  in  feet  around  the 
mean  track  line  during  each  transit.  A 
larger  variation  around  the  mean  track 
line  would  normally  be  attributed  to  a 
higher  level  of  difficulty  encountered 
in  the  controllability  of  the  vessel 
since  a  vessel  that  is  well  controlled 
would  not  "wander"  about  its  mean 
track  line  as  much  as  one  experiencing 
greater  difficulty. 

Significant  differences  were  found  for 
the  mean  values  of  C  across  all  condi¬ 
tions  (Table  3-2).  Again  it  can  be  seen 


TABLE  3-2.  CONSISTENCY,  C 
(MAIN  COMPARISON) 


WimA 

Consistency ,  C  (ft) 

Wind  Side 

Speed  Oct) 

LNG 

80K 

30K 

Starboard 

40 

130 

79 

93 

50 

132 

86 

95 

65 

183 

81 

104 

Port 

40 

120 

72 

83 

50 

174 

77 

100 

65 

169 

84 

112 

p  <  0.01 


that  the  pilots  on  the  LNG  carriers 
had  more  difficulty  than  the  pilots  of 
the  tankers  for  the  starboard  wind 
conditions.  The  LNG  showed  less  con¬ 
sistency  than  either  of  the  other  two 
vessels.  For  40  and  50  knot  winds  the 
tankers  exhibited  similar  consis¬ 
tencies,  but  more  trouble  was  en¬ 
countered  at  the  65  knot  wind  condi¬ 
tion  by  the  30K  tanker  pilots 
compared  with  those  on  the  80K 
vessel. 

The  same  general  trends  are  seen  in 
the  port  wind  results.  LNG  C  values 
are  larger  than  those  for  tankers,  and 
when  the  performance  of  the  tanker 
pilots  differed  it  was  the  30K  pilots 
that  had  more  difficulty.  Once  again 
it  appears  that  controllability  is  either 
the  same  or  worse  with  larger  winds, 
and  though  this  is  true  for  the  LNG 
pilots  when  they  transited  the  channel 
under  starboard  wind  conditions,  the 
50  and  65  knot  port  winds  for  LNG  did 
not  cause  the  same  types  of  differ¬ 
ences  in  consistency  in  performance 


(132  vs.  183  feet  for  starboard  winds 
and  174  vs.  169  feet  for  port  winds). 

3.2. 1*3  Ship  Speed,  S  (M.C.) 

All  pilots  were  requested  to  maintain 
a  five  knot  ship  speed  during  the 
channel  transits,  speeding  up  or  slow¬ 
ing  down  engine  rpm  as  necessary. 
When  vessel  safety  became  question¬ 
able  because  of  potential  penetration 
of  the  channel  limits  by  the  ship's  skin, 
changes  in  engine  rpm  were  permitted 
to  maintain  controllability.  At  times 
this  took  the  form  a  "kick  turn,"  i.e., 
increased  propeller  rpm  causing  in¬ 
creased  propeller  wash  against  a  "hard 
over”  rudder,  resulting  in  a  large  turn 
rate.  A  true  "kick  turn"  was  then 
completed  by  the  reduction  of  pro¬ 
peller  rpm  to  its  initial  setting.  If  an 
increase  in  rpm  was  maintained  for 
too  long  a  period  of  time  a  change  in 
the  ship’s  speed  resulted.  Therefore,  S 
is  also  a  measure  of  difficulty  in 
piloted  controllability  for  this  experi¬ 
ment,  with  small  variations  about  five 


knots  indicating  good  control,  i.e., 
good  pilot  controllability,  and  large 
variations  indicating  poorer  control. 

The  average  ship  speeds  that  were 
found  lor  the  different  experimental 
conditions  are  presented  in  Table  3-3. 
The  results  again  reinforce  the  evi¬ 
dence  that  pilots  handling  the  LNG 
had  more  difficulty  controlling  their 
vessels  than  those  on  the  tankers. 
While  tanker  pilots  needed  little  more 
than  six  knots  of  speed  for  only  the 
highest  wind  condition,  this  occurred 
only  once  for  the  LNG  pilots  and  then 
only  at  the  lowest,  40K  wind  condi¬ 
tions. 

For  both  port  and  starboard  wind  con¬ 
ditions  the  LNG  pilots  found  that  on 
average  they  had  to  maintain  a  speed 
of  close  to  11  knots  (10.8  and  11) 
during  the  highest  wind  conditions  of 
65  knots.  In  general,  for  all  wind 
conditions  they  were  found  to  substan¬ 
tially  increase  their  ship's  speed  to 
maintain  control  of  their  vessels. 


3.2.I.4  Boundary  Penetrations  (MjCJ 

The  primary  objective  for  all  pilots 
during  the  experimental  runs  was  to 
safely  conn  the  vessel  through  the 
channel  without  allowing  any  portion 
of  the  ship  to  penetrate  the  charnel 
boundary,  strike  buoys,  or  transit  over 
the  shoal  area.  This  was  to  be  accom¬ 
plished  at  a  speed  which  was  main¬ 
tained  as  close  to  five  knots  as  wind 
conditions  would  permit.  The  level  of 
winds  had  been  selected  so  that  differ¬ 
ences  in  performance  would  be  evi¬ 
denced,  and  it  was  therefore  not  sur¬ 
prising  to  find  instances  of  multiple 
incidents  (penetrations)  during  a  single 
run.  The  spread  in  number  of  inci¬ 
dents  therefore  became  a  clear  indica¬ 
tion  of  differences  in  controllability 
difficulties. 

There  were  significant  differences  in 
such  incidents  and  the  results  are  pre¬ 
sented  in  Table  3-4.  The  data  pre¬ 
sented  in  this  table  are  total  incidents 


TABLE  3-3.  SHIP  SPEED,  S  (MAM  COMPARISON) 


TABLE  3-*.  NUMBER  OF  BOUNDARY  PENETRATIONS 
(MAIN  COMPARISON) 


Wind 

Bouidary  Penetrations  (Number) 

Wind  Side 

Speed  Oct) 

LNG 

80K 

30K 

Starboard 

40 

13 

0 

1 

50 

11 

1 

2 

65 

24 

0 

1 

Port 

40 

14 

0 

1 

50 

28 

1 

4 

65 

23 

3 

8 

p  <  0.05 


per  ship  per  wind  condition,  as  con¬ 
trasted  with  the  earlier  tables  which 
presented  mean  values  of  the  relevant 
performance  measures  for  each  ship 
and  wind  condition.  This  data  sub¬ 
stantiates  the  trends  previously  dis¬ 
cussed.  The  number  of  incidents  was 
significantly  larger  for  pilots  conning 
the  LNG  vessel  (as  compared  with  the 
tankers)  for  all  wind  levels  and  both 
sides.  Although  the  number  of  inci¬ 
dents  occurring  at  each  level  of  wind 
appears  larger  for  the  30K  tanker  than 
for  the  80K,  this  did  not  show  up  as  a 
significant  statistical  difference. 

There  was  no  apparent  difference  in 
number  of  incidents  as  a  function  of 
wind  speed  for  either  the  8 OK  tanker 
pilots  or  for  the  starboard  wind  condi¬ 
tions  for  the  30K  vessel.  Port  winds, 
however,  caused  a  significant  number 
of  incidents  at  65  knots,  compared 
with  40  knots  for  the  30K  tankers. 
The  LNG  pilots  consistently  found  that 
the  65  knot  condition  was  more  diffi¬ 
cult  to  handle  than  the  40  knot  wind 


condition.  Although  incidents  in  the 
port  wind  50  knot  condition  for  the 
LNG  were  more  numerous  (28)  than 
those  occurring  at  65  knots  (23),  sta¬ 
tistical  analyses  did  riot  substantiate  a 
significant  difference. 

3.2. 1.5  Factored  Absolute  Majgiitudc 
of  Off-Track  Deviation,  1X1  p 
(MX.) 

As  indicated  in  paragraph  2.3.2. 1,  an 
additional  analysis  was  performed  on 
the  distance  off-track  data.  The  1X1 
was  modified  by  a  factor  to  increase 
the  value  as  a  function  of  increased 
ship  speed  and  decrease  it  by  a  func¬ 
tion  of  its  consistency  or  standard 
deviation.  This  measure,  factored  1X1, 
was  an  attempt  to  "unbias"  the  value 
obtained  for  1X1  caused  by  the  pilots' 
variable  efforts  to  gain  control  by 
increasing  speed  as  well  as  inflation  of 
the  IX I  measure  when  pilots  transited 
the  channel  under  good  control  (small 
value  for  C)  but  a  steady  large  off¬ 
track  value. 
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Table  3-5  contains  the  factored  TXT 
data  for  all  conditions  of  wind  level 
and  side.  The  factored  1X1  s  for  LNG 
vessels  were  clearly  larger  than  for 
the  tankers.  There  were  no  differences 
as  a  function  of  level  of  wind  condi¬ 
tion  for  the  80K  tanker,  but  the  30K 
tanker  pilots  did  have  more  trouble 
with  the  highest  wind  than  with  the 
lowest.  The  higher  winds  also  caused 
the  LNG  pilots  more  difficulty  than 
they  experienced  with  the  40  knot 
winds.  The  trends  are  identical  to 
those  noted  previously  (3.2. 1.1). 

The  results  in  Table  3-5  are  signifi¬ 
cant  at  a  higher  probability  level  than 
those  for  lxl  (Table  3-2),  which  means 
that  the  differences  indicated  by  the 
factored  1X1  data  could  have  occurred 
by  chance  in  only  one  in  a  thousand 
times,  compared  with  five  times  out 
of  a  hundred  for  the  basic  1X1.  There¬ 
fore,  the  factoring  of  1X1  tended  to 
underscore  the  differences  previously 
discussed  in  paragraph  3.2.I.I.  This 
indicates  that  the  experimental  pro¬ 


blems  associated  with  pilot  tendencies 
to  speed  up  the  vessels  to  maintain 
control,  or  their  selection  of  a  desired 
track  position  other  than  the  channel 
centerline,  did  not  substantially 
obscure  the  differences  that  were 
inherent  in  pilot  performances  as 
shown  by  the  basic  1X1  analyses.  In 
fact,  the  differences  were  made  more 
pronounced. 


3.2. 1.6  Rudder  Effects  (M.C.) 

3.2.1.6.1  Rudder  Angle.  Pilot  use 
of  rudder  control  showed  significant 
differences  as  a  function  of  wind  level 
and  type  of  ship  (Table  3-6). 

These  results  indicate  differences  be¬ 
tween  pilot  use  of  rudder  on  the  80K 
tanker  compared  to  the  other  two 
vessels.  With  the  higher  winds  more 
rudder  was  used  by  the  pilots  on  the 
larger  tanker,  while  at  40  knots  the 
value  for  the  80K  tanker  rudder  usage 
fell  between  that  of  the  other  two 


TABLE  3-5.  FACTORED  X  FOR  SPEED  AND  CONSISTENCY,  TXTp 

(MAIN  COMPARISON) 


IXlpttt) 


Wind  Side 

Wind 

Speed  Oct) 

Starboard 

40 

50 

65 

Port 

40 

50 

65 

TABLE  3-6.  ABSOLUTE  MAGNITUDE  OF  RUDDER  ANGLE 
(MAM  COMPARISON) 


Absolute  Value  ol  Rudder  Angle  (deg) 


Level  Oct) 

LNG 

40 

19 

50 

19 

65 

20 

p  <  0.001 


vessels.  Differences  between  the 
average  rudder  angle  used  by  pilots  on 
the  LNG  vessel,  as  compared  with 
those  on  the  30K  tanker,  were  also 
perceived. 

An  interesting  finding  can  be  seen  in 
the  trends  for  each  vessel  as  winds 
increased.  With  the  30K  tanker  rudder 
usage  increased  with  wind  level.  For 
the  80K  tanker,  a  change  in  average 
rudder  angle  used  occurred  between  40 
and  30  knots  but  not  between  30  and 
65  knots.  With  the  LNG  vessel  the 
pilots  tended  to  use  the  same  average 
amount  of  rudder  without  regard  to 
the  level  of  the  wind.  As  previously 
shown,  winds  did  affect  overall  pilot 
performance.  The  amount  of  average 
rudder  used  is  one  of  the  primary 
control  elements  available  to  the 
pilots,  and  yet  in  the  two  situations 
noted  above  the  pilots  did  not  use 
more  rudder  with  higher  wind  levels 
even  though  other  performance  mea¬ 
sures  indicated  that  they  needed  more 
control.  This  most  probably  is  due  to 
the  fact  that  they  found  additional 
rudder  was  not  effective  and  that 
rudder  "saturation”  took  place  prior  to 
33°,  the  maximum  level  of  physically 
available  rudder.  Paragraph  3.5  con¬ 
tains  further  discussion  regarding  this 
finding. 


3.2.1.L2  Zero  Rudder  Crossings. 
Rudder  zero  crossings  were  also  ob¬ 
served  during  the  experiment.  Differ¬ 
ences  in  number  of  rudder  reversals 
could  be  indicative  of  control  diffi¬ 
culties,  i.e.  more  rudder  crossings 
indicate  a  loss  of  control.  Major  dif¬ 
ference  between  pilots  with  regard  to 
this  measure  were  not  apparent.  All 
pilots  on  all  ships  performed  in  a 
similar  manner.  Not  surprisingly 
though,  since  most  measures  indicated 
increased  ship  handling  difficulties 
with  increased  wind  speed,  it  was 
found  that  more  reversals  occurred  on 
average  under  conditions  of  65  knots 
than  appeared  at  the  other  two  wind 
levels  (see  Table  3-7). 


3.2.2  Bank/No  Bank  Comparisons 
(B/NB) 

The  bank/no  bank  comparisons  are 
based  on  data  that  were  obtained  from 
twelve  test  subjects,  all  of  whom 
conned  the  80K  tankers.  The  pilots 
were  placed  in  two  groups  and  each  of 
them  transited  the  channel  described 
in  paragraph  2.3.1  six  times.  For  six 
of  the  pilots  no  bank  effects  were 
present  in  the  channel  during  their 
runs.  For  the  remaining  six  pilots,  the 
bank  forces  were  present  and  affected 
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TABLE  3-7.  NUIIBER  OF  ZERO  RUDDER  CROSSMGS 
(MAIN  COMPARISON) 


Wind  (kt) 

Number  of 

Rudder  Crossii^s 

40 

13 

50 

13 

65 

16 

p  <  0.001 

the  ship's  track.  The  data  needed  for 
this  second  group  were  obtained  from 
the  80K  tanker  group  data  pool  used  in 
the  main  comparisons,  since  all  condi¬ 
tions  were  identical  to  those  necessary 
for  these  comparisons.  To  obtain  the 
data  for  the  80K  tanker  without  banks 
(the  first  group),  an  additional  set  of 
36  transits  were  run  using  six  different 
(additional)  pilots.  Wind  level  and  di¬ 
rection  of  wind  were  again  variables 
and  for  these  analyses  bank  effects 
were  also  used  as  a  variable.  Ships,  of 
course,  was  not  a  variable  since  only 
the  performances  on  the  80K  tanker 
were  investigated.  Significant  differ¬ 
ences  were  found  as  a  result  of  the 
statistical  analyses  but  the  differences 
appeared  in  only  four  of  the  seven 
measures  that  were  examined.  When 
differences  were  found,  performance 
with  bank  effects  present  was  usually 
superior  to  no  bank  performance 
results.  The  pilots  conning  the  80K 
tankers  sensed,  used,  and  were  aided 
by  the  banks  during  their  transits 
through  the  narrow  waterway. 

3.2.2. 1  Factored  Absolute  Magnitude 
of  Off-Track  Deviation  Me 
(B/NB) 

No  differences  in  performance  were 
found  for  the  basic  measure  of  abso¬ 
lute  value  of  off-track  deviation  in  the 


bank/no  bank  comparison.  As  noted  in 
paragraph  3.2.1.5,  however,  factoring 
of  lxl  for  ship  speed  and  consistency 
biases  does  tend  to  "sharpen"  any  real 
differences  that  may  exist  and  this 
was  found  to  be  true  during  these 
bank/no  bank  analyses.  Table  3-8 
shows  that  the  means  of  factored  1X1 
increased  with  wind  level  in  both  the 
bank  and  no  bank  cases  and  were 
larger  under  transit  conditions  without 
banks  for  a  given  wind  magnitude. 

3.2.2.2  Ship  Speed  and  Boundary 
Penetrations  (B/NB) 

Differences  in  performance  were 
found  for  both  the  ship  speed  and 
boundary  penetration  measures.  Pilots 
that  transited  the  channel  when  bank 
effects  were  present  did  so  at  a  speed 
that  was  slightly  larger  on  average 
than  transits  that  had  no  bank  effects 
(3.9  knots  vs.  3.3  knots,  p  <  0.03). 
This  difference  in  speed  was  less  than 
0.3  knots,  and,  though  it  was  found  to 
exist  statistically,  from  a  practical 
sense  could  not  be  the  cause  for  dif¬ 
ferences  noted  in  the  number  of  boun¬ 
dary  penetrations.  Table  3-9  presents 
the  latter  findings  and  indicates  the 
number  of  incidents  of  boundary  pene¬ 
trations  as  a  function  of  wind  magni¬ 
tude,  wind  side,  and  bank/no  bank 
conditions. 


TABLE  3-8.  FACTORED TXTF  (BANKS/NO  BANKS) 


Wind  Oct) 

_ TSTpttt) _ 

Banks 

No-Bairis 

40 

10 

16 

50 

23 

30 

65 

23 

70 

p  <  0.05 


TABLE  3-9.  NUMBER  OF  BOUNDARY  PENETRATIONS  (BANKS/NO  BANKS) 


Wind 

Boundary  Penetrations  (Number) 

Wind  Side 

Speed  Oct) 

Banks 

No-Banks 

Starboard 

40 

0 

3 

50 

1 

1 

65 

0 

7 

Port 

40 

0 

o 

50 

1 

6 

65 

3 

3 

Total 

5 

20 

p  <  0.05 


The  incidents  of  boundary  penetrations 
by  any  portion  of  the  vessel  during 
transits  under  bank  conditions  show  no 
significant  differences  for  either  port 
or  starboard  wind  side  as  wind  speed 
increases.  The  number  of  boundary 
penetrations  by  pilots  conning  the  80K 
tankers  through  the  channel  under  no 
bank  65  knot  starboard  wind  and  50 
knot  port  wind  conditions  was  larger 


than  for  comparable  wind  conditions 
when  bank  effects  were  present.  The 
total  number  of  incidents  under  no 
banks  without  regard  to  wind  level  or 
side  (20)  was  larger  than  for  transits 
with  banks  (5).  The  ultimate  figure  of 
merit  for  piloted  controllability  is 
really  the  incidence  of  boundary  pene¬ 
trations  since  this  is  a  direct  measure 
of  safety.  The  experimental  findings 


indicate  that  the  pilots  were  aided  by 
the  presence  of  the  banks  and  trans¬ 
ited  the  channel  more  safely  when 
bank  forces  were  present. 


3.2.2.3  Rudder  Effects  (B/NB) 


difficulties  stated  earlier  (Paragraphs 
3.2.2. 1  and  3.2.2.2)  it  would  appear 
that  the  pilots  of  the  80K  tankers  used 
more  average  rudder  when  they  were 
having  difficulty  in  an  effort  to  main¬ 
tain  better  control. 


The  bank/no  bank  analyses  did  not 
indicate  any  differences  in  the  number 
of  rudder  crossings  between  pilots 
transiting  the  channel  when  no  bank 
effects  were  available  compared  with 
the  conditions  when  the  bank  forces 
were  present.  Rudder  angle,  however, 
showed  a  small  significant  effect  and 
the  findings  are  presented  in  Table 
3-10. 

The  bank/no  bank  comparison  at  the 
63  knot  wind  condition  showed  that 
larger  rudder  angle  was  used  on  aver¬ 
age  by  pilots  transiting  without  bank 
effects  (27°  vs.  23°).  There  was  also  a 
no  bank  general  trend  of  increasing 
average  rudder  angle  with  increased 
level  of  wind.  As  discussed  earlier  in 
3.2. 1.6.1  there  was  no  significant 
increase  in  the  average  rudder  used  by 
the  80K  tanker  pilots  as  the  level  of 
wind  increased  from  50  to  65  knots 
when  bank  effects  were  present. 

From  the  average  rudder  angle  trends 
noted  above  and  the  controllability 


3.2.3  Channel  Width  Comparisons 
(C.W.) 

The  channel  width  comparisons  are 
based  on  a  portion  of  the  data  pool 
used  for  the  main  comparisons,  namely 
18  pilots  divided  into  three  groups 
(LNG,  80K  tanker,  and  30K  tanker). 
They  compare  performance  in  the  first 
and  the  last  leg  of  the  channel  transit, 
legs  1  and  5,  respectively.  Conditions 
for  leg  1  and  leg  5  of  any  single  transit 
were  identical  in  all  respects  save  one, 
the  channel  width.  In  the  first  leg  the 
width  was  800  feet  while  the  fifth  leg 
width  was  600  feet.  A  two  hundred 
foot  wide  shoal  had  been  placed  on  the 
side  of  the  channel  in  leg  5,  causing 
the  pilots  to  move  their  vessels 
towards  the  starboard  bank  as  the 
channel  narrowed  (see  Figure  2-1). 

Both  leg  1  and  leg  5  were  preceeded 
by  low  wind  magnitude  transition  seg¬ 
ments.  Within  the  legs  the  wind  direc¬ 
tion  was  either  plus  or  minus  105° 
relative,  depending  on  the  wind  side 


TABLE  3-10.  RUDDER  ANGLE  (BANKS/NO  BANKS) 


Wind  Qct) 

Rudder  Angle  (deg)  | 

Banks 

No- Banks 

40 

150 

14° 

50 

220 

22° 

65 

23° 

270 

n  <  0.05 
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condition  for  the  particular  channel 
transit.  The  level  of  wind  for  the  two 
legs  was  the  same  for  each  passage* 
and  bank  forces  were  present  and 
affected  the  ship's  track  in  both  of  the 
legs. 

Since  the  objective  of  these  channel 
width  comparisons  was  to  determine  if 
the  difference  of  200  feet  in  width 
caused  a  substantial  difference  in  pilot 
performance,  only  differences  caused 
by  channel  width  will  be  reported 
within  this  section.  Other  differences 
that  were  found  that  didn't  reflect 
legs  1  and  5  differences  were  reported 
under  the  main  comparisons.  These 
were  common  to  both  legs,  and  when 
they  arose  within  these  channel  width 
comparisons  were  only  ramifications 
of  the  basic  differences  previously 
reported  for  the  complete  transit. 


3.2.3. 1  TXT  and  Factored  TXT  (C.W.) 

The  average  magnitudes  of  off-track 
deviations  are  shown  in  Figure  3-1. 
They  indicate  that  the  pilots  on  the 
LNG  vessels  were  the  only  group  that 
showed  a  significant  difference  in  per¬ 
formance  between  the  passages  in  the 
two  legs.  There  were  no  differences 
for  the  80K  and  30K  tankers  at  any 
wind  magnitude  or  between  channel 
legs. 

The  LNG  pilots  had  significantly  dif¬ 
ferent  performance  results  for  differ¬ 
ent  wind  levels  in  the  800  foot  portion 
of  the  channel.  In  the  600  foot  leg, 
though,  they  took  measures  to  conn 
their  vessels  with  a  higher  degree  of 
control,  with  no  differences  found 
between  levels  of  wind.  When  the  half 
channel  width  was  400  feet  they 
allowed  their  897  foot  long  vessel  to 
go  an  average  of  240  feet  from  the 
channel  centerline  (63  knots),  but 
when  the  half  channel  width  was 
reduced  to  300  feet  they  brought  this 


Figure  3-1.  Channel  Width  Compari¬ 
son,  Absolute  Value  of 
Off-Track  Deviation 


parameter  down  to  just  over  75  feet. 
Their  experience  with  controllability 
difficulties  in  the  wider  channel  area 
forced  them  to  attempt  to  improve 
their  performance  near  the  shoal,  and 

on  average  they  succeeded. _ Figure 

3-2  is  a  presentation  of  the  1X1  data 
which  has  been  factored  for  S  and  C 
and  reinforces  the  previous  statements 
regarding  LNG  pilot  perceptions.  The 
factored  1X1  for  the  LNG  in  the  800 
foot  leg  shows  an  even  larger  range  of 
values  as  a  function  of  wind  magnitude 
than  did  1X1.  The  factored  1X1  per¬ 
formance  in  leg  5  was  also  substan¬ 
tially  the  same  for  all  levels  of  wind. 
Again,  no  performance  differences 
were  found  between  tanker  pilots  at 
any  wind  level. 


3.2.3.2  Consistency,  C  (C.W.) 

The  average  consistency  of  the  actual 
ship  track  within  each  leg  (Figure  3-3) 
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C  (FEET)  5  ia,F  vrtcl' 


WIND  (KNOTS) 


gure  3-2.  Channel  Width  Compari¬ 
son,  Factored  Value  of 
Off-Track  Deviation 


narrow  leg  to  lessen  controllability 
difficulties  also  lessened  the  variation 
in  distance  off  centerline.  The  aver¬ 
age  values  of  C  for  leg  5  in  fact  were 
smaller  than  those  for  leg  1  and  did 
not  show  any  significant  difference  as 
the  wind  increased.  The  results  once 
again  showed  no  significant  differ¬ 
ences  between  pilots  on  the  different 
tankers  in  either  leg,  or  at  different 
wind  levels. 


3.2.3.3  Ship  Speed,  S  (C.V.) 

From  the  main  comparison,  the  mea¬ 
sure  of  ship  speed  was  found  to  in¬ 
crease  with  wind  magnitude,  with  the 
LNG  pilots  on  average  increasing  their 
speed  over  the  desired  level  of  five 
knots  to  a  greater  degree  than  the 
tanker  pilots.  Figure  3-4,  however, 
shows  the  manner  in  which  the  aver¬ 
age  speed  of  the  vessels  varied  during 


WIND  (KNOTS) 

Figure  3-3.  Channel  Width  Compari¬ 
son,  Consistency 

effectively  mirrors  the  IXf  and  fac¬ 
tored  1X1  results.  The  LNG  pilots 
tended  to  be  less  consistent,  i.e.,  with 
larger  variation  in  off-track  deviation 
as  a  function  of  wind  speed  in  the 
wider  section  of  the  channel.  The 
measures  that  were  taken  in  the 


Figure  3-4.  Channel  Width  Compari¬ 
son ,  Ship  Speed 


t 
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the  passages  as  a  function  of  channel 
leg  (i.e.,  leg  1  vs.  5).  Although  the 
average  speed  attained  by  the  LNG 
pilots  was  significantly  larger  than 
was  required  by  the  tanker  pilots 
under  all  conditions  of  channel  width, 
it  was  in  the  narrower  channel  area 
that  the  pilots  of  the  LNG  vessels 
found  that  a  substantial  increase  of 
speed  was  necessary  for  control.  On 
average  the  LNG  pilots  went  almost 
twice  as  fast  in  the  600  foot  segment 
as  in  the  800  foot  segment.  The  pilots 
that  conned  the  80K  tankers  showed 
an  increase  in  average  speed  when 
transited  the  narrow  leg  as  com  ¬ 
pared  with  the  wider  one,  but  the 
increase  was  far  smaller  than  the  LNG 
pilots  exhibited. 


3.2.3.%  Boundary  Penetrations  (C.W.) 

The  boundary  penetration  findings  are 
shown  in  Figure  3-5.  No  incidents 
were  recorded  for  tanker  pilots  in 
either  of  the  two  legs.  The  pilots  that 
were  conning  the  LNG  vessels  experi¬ 
enced  considerable  difficulties  in  both 
legs  and  found  that  their  control  dif¬ 
ficulties  in  the  wider  channel  segment 
increased  substantially  as  a  function 
of  wind;  i.e.,  many  more  penetrations 
of  the  boundary  occurred  at  65  knots 
than  at  50  knots,  as  well  as  at  50  knots 
compared  with  40  knots.  There  were 
more  incidents  at  40  knots  in  the  nar¬ 
rower  section  of  the  channel  than  in 
the  wider  section,  indicating  that  the 
pilots  believed  they  had  control  in  the 
narrow  section/lower  wind  conditions, 
but  didn't.  The  pilots  gained  some 
measure  of  control  with  the  greater 
levels  of  wind  in  the  600  foot  leg  by 
increasing  speed  (as  noted  previously), 
keeping  the  number  of  incidents  rela¬ 
tively  constant  as  a  function  of  wind 
magnitude. 


Figure  3-5.  Channel  Width  Com 
portion.  Boundary 
Penetrations 


3.2.3.5  Rudder  Effects  (C.V.) 

Table  3-11  and  Figure  3-6  are  indica¬ 
tions  of  the  way  the  pilots  varied  their 
rudder  usage  within  the  two  legs 
studied  in  the  channel  width  compari¬ 
sons.  Less  rudder  was  used  on  average 
by  all  pilots  for  all  wind  levels  in  the 
narrower  leg  when  starboard  winds 
were  present  (Table  3-11).  This  was 
most  probably  due  to  the  fact  that  the 
bank  forces  tended  to  aid  the  pilot's 
efforts  to  combat  the  starboard  wind 
forces  when  they  were  forced  by  the 
shoal  to  move  closer  to  the  starboard 
bank.  They  therefore  tended  to  move 
to  the  right  of  center  track  under  both 
conditions  of  wind  direction. 
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ZERO  RUDDER  CROSSINGS  (#) 


TABLE  3-1 1.  AVERAGE  RUDDER  ANGLE  (CHANNEL  WIDTH) 


'  \ 


Channel 

Starboard 

Port 

Width  (ft) 

Winds 

Winds 

800  (leg  1) 

18 

19 

600  (leg  5) 

16 

19 

WIND  (KNOTS) 

Figure  3-6.  Charnel  Width  Compari¬ 
son,  Rudder  Crossings 

The  number  of  zero  rudder  crossings 
for  the  LNG  pilots  (Figure  3-6)  was 
always  larger  than  for  the  30K  tanker 
pilots  but  varied  somewhat  with  wind 
magnitude  and  channel  width  when 
LNG  performance  was  compared  to 
that  of  the  80K  tanker  pilots.  No  real 
differences  in  rudder  crossings  for  the 
LNG  pilots  were  found  as  a  function  of 


ABSOLUTE  WIND  ANGLE  -  (DEGREES) 


Figure  3-7.  Steady  State  Rudder 
Angle,  LNG  Carrier 

wind  magnitude  or  channel  width. 
This  no  doubt  was  due  to  the  increased 
level  of  control  attained  on  the  LNG 
vessels  with  the  use  of  the  higher  ship 
speeds  at  higher  wind  levels. 


3.2.4  Rudder  Effects  Comparisons 
(R.E.) 

The  rudder  effects  analyses  are  based 
on  portions  of  the  data  used  for  the 
main  comparisons.  Comparisons  are 
made  between  the  LNG,  80K  tanker, 
and  30K  tanker  groupings  of  pilots  for 
performance  in  leg  1  vs.  leg  4  for 
each  transit  (Figure  2-1).  Normally  a 
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starboard  wind  would  cause  a  tendency 
for  clockwise  rotation  of  the  vessel 
which  is  then  counteracted  by  a  "left," 
i.e.,  positive  rudder.  As  shown  in 
Figure  3-7  an  anomaly  exists  for  the 
LNG  vessel  for  certain  wind  levels  and 
wind  angles  because  the  rudder  effect 
reverses;  that  is,  negative  rudder  is 
needed  to  counteract  a  starboard 
wind.  Similar  "rudder  reversal"  occurs 
for  port  winds. 

Figure  3-8  and  3-9  are  comparable 
plots  of  rudder  angle  vs.  wind  angle 
for  the  two  tankers.  No  rudder 
reversal  occurs  for  either  tanker  at 
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ABSOLUTE  WIND  ANGLE  -  (DEGREES) 

Figure  3-8.  Steady  State  Rudder 
Angle,  80,000  DWT 
Tanker 


any  wind  angle.  The  objective  of  the 
rudder  effects  comparisons  was  to  see 
if  any  differences  could  be  discerned 
between  the  controllability  demon¬ 
strated  with  the  LNGs  (when  this 
effect  was  occurring)  and  the  control¬ 
lability  exhibited  by  the  pilots  on  the 
tanker  runs.  If  there  was  a  difference, 
it  might  be  attributed  to  the  rudder 
reversal  effect.  Therefore,  in  leg  1 
the  direction  of  the  wind  was  either 
±105°  (relative  to  centerline  track)  for 
all  vessels.  For  leg  4,  the  relative 
wind  angle  was  set  at  ±135°  for  the 
tanker  runs  and  ±60°  for  those  in 
which  the  LNG  vessel  was  involved. 

To  draw  conclusions  regarding  the 
objectives  of  these  analyses,  compari¬ 
sons  must  be  made  between  legs  for 
the  LNG  vessel  to  find  if  performance 
"deteriorated"  in  leg  4  compared  with 
leg  1,  and  also  between  the  LNG  and 
the  tankers  for  each  leg  under  study. 
The  findings  for  the  seven  perform¬ 
ance  measures  are  presented  in 
summary  form  in  Figures  3-10  and 
3-11  and  in  more  detail  in  Appendix  C. 
Figure  3-10  contains  the  results  for 
legs  1  and  4  for  the  LNG  vessel  alone. 
Figure  3-11  presents  the  findings  for 
comparable  measures  for  both  tankers 
and  both  legs  of  interest. 
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ABSOLUTE  WIND  ANGLE  -  (DEGREES) 


Figure  3-9.  Steady  State  Rudder 
Angle,  30,000  DWT 
Tanker 


3.2.4. 1  Absolute  Value  of  Off-Track 
Deviation,  1X1  (R.E.) 

Comparison  of  Figures  3-10  and  3-11 
indicates  that  pilot  performance  on 
the  LNG  vessel,  compared  with  the 
tankers,  was  poorer  for  all  levels  of 
winds  studied.  This  was  true  for  both 
leg  1  and  leg  4.  In  leg  4,  all  values  of 
1X1  for  each  ship  were  larger  than  the 
values  exhibited  for  equivalent  wind 
conditions  in  leg  1  (except  for  the 
LNG/65  knot  condition).  This  latter 
difference  will  be  discussed  as  part  of 
the  ship  speed  (S)  performance  mea¬ 
sure,  paragraph  3.2.4.4. 
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3.2 .4.2  Factored  Absolute  Value  of 
Off-Track  Deviation,  1X1  p 
(R.E.) 

Performance  exhibited  by  the  LNG 
pilots,  as  indicated  by  the  1X1  p  mea¬ 
sure  was  poorer  (larger)  in  leg  1  com¬ 
pared  to  either  leg  1  or  4  for  either 
tanker  pilot  grouping.  This  compari¬ 
son  was  for  like  wind  conditions. 

The  LNG  pilots  used  more  speed  and 
maintained  a  more  consistent  track  in 
leg  4  than  in  leg  1  and  the  resultant 
factored  T5TT  for  leg  4  appears  to  be 
superior  to  their  leg  1  findings  at  all 
levels  of  wind.  As  measured  by  fac¬ 
tored  lki,  however,  the  LNG  pilots' 
performance  for  leg  4  was  still  poorer 
than  that  of  the  tanker  pilots  under 
comparable  leg  4  wind  conditions. 


3-2.4.3  Consistency,  C  (R.E.) 

The  consistency  of  performance  in  leg 
4  did  not  differ  between  the  three 
vessels  for  any  wind  condition.  For 
leg  1,  the  LNG  pilots'  controllability 
for  like  wind  conditions  was  poorer 
(less  consistent)  than  the  tanker 
pilots'  performance.  As  indicated  in 
3.2.4.2,  the  LNG  pilots'  consistency  of 
performance  improved  in  leg  4  com¬ 
pared  to  leg  1. 


3.2.4.4  Ship  Speed,  S  (R.E.) 

For  equivalent  wind  magnitudes  -  the 
pilots  of  all  three  vessels  on  average 
increased  their  speed  during  leg  4 
compared  with  leg  1.  For  the  higher 
wind  conditions  in  leg  1  the  LNG  pilots 
attained  approximately  six  knots  of 
ship  speed  compared  with  tanker  pilot 
speeds  of  approximately  five  knots.  In 
leg  4,  the  LNG  pilots  substantially 
increased  their  speed  to  maintain  con¬ 
trollability,  reaching  an  average  speed 


of  over  11  knots  at  63  knots  of  wind. 
With  this  increase  of  speed  they  were 
able  to  decrease  the  TxT  for  leg  4,  65 
knot  conditions  (see  Figure  3-10)  and 
maintain  better  consistency  through¬ 
out  leg  4  compared  to  leg  1. 


3.2.4.5  Boundary  Penetrations  (RJL.) 

The  inferences  contained  in  the  pre¬ 
vious  paragraph  regarding  speed  are 
shown  most  clearly  when  boundary 
penetrations  are  examined.  In  leg  1, 
LNG  pilots  had  more  control  difficulty 
and  penetrated  the  channel  boundaries 
more  frequently  than  did  the  tanker 
pilots. 

In  leg  4,  under  40  and  50  knot  wind 
conditions,  the  control  situation  for 
the  LNG  pilots  deteriorated,  even  with 
the  higher  speeds  that  were  used. 
During  the  leg  4  portion  of  the  65  knot 
runs  the  LNG  pilots  stabilized  their 
control  and  penetrated  the  channel 
boundaries  fewer  times  (leg  4-8, 
compared  with  leg  1  -  13).  This 
increase  in  controllability  was  only 
attained  by  substantially  increasing 
ship  speed  by  more  than  67%  (6.7  vs. 
11.2  knots). 


3. 2.4.6  Rudder  Crossings  and  Rudder 
Usage  (R.E.) 

Average  rudder  angle  and  number  of 
rudder  crossings  for  the  LNG  pilots  at 
various  wind  levels  are  shown  in 
Figure  3-10.  Once  again  the  higher 
ship  speeds  in  leg  4  compared  with  leg 
1  probably  account  for  the  trends 
shown.  At  higher  ship  speed,  less 
rudder  was  needed  because  the  rudder 
became  more  effective.  With  higher 
speed  the  LNG  vessel  becames  more 
controllable,  and  therefore  less  zero 
rudder  crossings  were  exhibited. 


3«2.4.7  Rudder  Effect  Condudoni 

It  is  difficult  to  draw  definitive  con¬ 
clusions  from  this  particular  set  of 
comparisons.  Without  question,  the 
LNG  pilots  had  more  difficulty  with 
controllability  than  the  tanker  pilots 
did,  but  this  was  true  in  most  of  the 
analyses  performed  within  this  experi¬ 
ment. 

With  this  type  of  research,  using  prac¬ 
ticing  mariners  in  realistic  environ¬ 
ments,  the  investigator  can  request 
that  the  test  subjects/pilots  maintain 
given  levels  of  the  controlled  vari¬ 
ables.  However,  when  the  pilot's  per¬ 
ceptions  of  vessel  safety  come  into 
play,  the  experienced  mariner  "does 
what  has  to  be  done,"  even  if  it  means 
breaking  some  of  the  experiment's 
ground  rules.  All  subjects  were  told  to 
maintain  theif  ship  speed  at  five 
knots,  with  most  of  the  tanker  pilots 
varying  somewhat  from  this  level  as 
anticipated.  The  LNG  pilots,  however, 
departed  radically  at  time*  from  the 
required  level,  forcing  the  investiga¬ 
tor/analyst  to  make  inferences  in  an 
attempt  to  discern  the  motivation  for 
such  action. 

Leg  4  for  the  LNG  vessel  was  designed 
as  the  portion  of  the  channel  requiring 
a  reversed  rudder  effect,  and  average 
LNG  ship  speed  in  this  leg  was 
substantially  higher  than  leg  1  for  all 
wind  levels.  Also,  ship  speed 
increased  in  each  leg  as  wind  level 
increased.  Since  the  LNG  pilots  felt 
that  they  needed  more  speed  when  the 
wind  was  coming  from  60°  (leg  4) 
compared  with  105°  (leg  1),  and  that 
they  needed  even  more  as  wind 
velocities  increased  to  65  knots,  it 
would  appear  that  the  rudder  reversal 
effect  did  actually  influence  the 
controllability  and  decision-making 
process  of  the  pilots  of  the  LNG 
vessel. 


When  the  leg  4  trends  for  T5£F  and 
number  of  boundary  penetrations  are 
examined  for  the  65  knot  wind 
condition,  it  appears  that  the  average 
11+  knots  used  at  the  highest  level  of 
wind  by  the  LNG  pilots  was  adequate 
to  gain  a  measure  of  control  over  the 
vessel.  That  is  to  say,  the  trends  in 
lkl  and  boundary  penetrations  were 
reversed  somewhat  at  the  highest  wind 
level  investigated  because  of  the 
excessive  speeds  that  were  used. 

3.2.5  Special  Experience  Compari¬ 
son  (&£.) 

To  obtain  the  necessary  data  for  the 
previously  discussed  analyses,  test 
subjects  were  randomly  selected  from 
numerous  pilot  associations.  The  main 
criterion  was  that  the  test  subjects 
were  full  branch  pilots  with  experi¬ 
ence  on  the  class  of  vessel  which  each 
would  conn  during  the  experiment. 
During  the  experimental  runs  it 
seemed  to  the  investigators  that  the 
performance  of  pilots  obtained  from 
one  particular  pilot  organization  was 
"better"  than  from  all  other  organiza¬ 
tions.  This  was  a  subjective  evalua¬ 
tion  based  on  aperiodic  observations. 
The  particular  pilot  organization 
involved  was  heavily  experienced  in  a 
long,  very  narrow  channel,  and  the 
question  arose  as  to  whether  or  not 
this  experience  was  contributing  to 
the  apparent  performance  level. 
There  was  also  the  question  as  to 
whether  or  not  the  "superior"  perform¬ 
ance  actually  existed  or  was  merely  a 
subjective  anomaly  based  on  incom¬ 
plete  observations. 

A  mini-analysis  suggested  itself  and 
two  additional  subjects  were  selected 
from  that  pilot  organization  to  make 
an  additional  grouping  of  six  pilots. 
This  "specialized  experience"  group 
consisted  of  three  pilots  who  conned 
the  80K  tanker,  one  who  conned  a  30K 


tanker,  and  two  an  LNG  vessel.  The 
data  for  this  group  were  for  transits 
under  bank  conditions,  i.e.,  conditions 
identical  to  transits  studied  in  the 
main  comparison.  From  the  remaining 
main  subject  data  pool  a  similar  group 
of  six  pilots  (three  80K,  one  30K,  and 
two  LNG)  was  randomly  selected  and 
their  performance  results  were  com¬ 
piled  for  comparison  with  the  special¬ 
ized  experience  group.  The  objective 
of  these  comparisons  was  to  determine 
if  the  S.E.  group  performance  was 
truly  significantly  better,  since  this 
could  have  interesting  possibilities 
regarding  experience  and  training 
ramifications,  especially  for  narrow 
channel  passages. 

Four  performance  measures  were 
analysed  as  part  of  the  S.E.  compari¬ 
sons:  TXT,  S,  C,  and  boundary  penetra¬ 
tions.  The  only  significant  difference 
in  performance  between  the  two 
groups  was  for  the  1X1  measure,  and 
the  findings  for  the  mean  values  are 
shown  in  Table  3-12.  A  trend 


"favoring"  the  S.E.  group  is  apparent 
but  quite  weak.  All  other  measures 
show  no  differences  between  the 
groups. 

Based  on  the  results  of  this  sampling  it 
would  appear  that  specialized  experi¬ 
ence  was  of  no  consequence  as  a 
factor  in  the  demonstrated  piloted 
performance.  It  may  very  well  be, 
though,  that  the  mixing  of  the  data  for 
ail  ship  types  together  in  one  group 
may  have  lessened  the  differences 
that  could  have  been  exhibited 
between  the  groups.  Pilots  were  ob¬ 
tained  at  random  from  various  pilot 
organizations,  with  only  tour  originally 
drawn  from  the  S.E.  pilot  organiza¬ 
tion.  These  latter  pilots  had  been 
assigned  to  different  vessels;  there¬ 
fore,  without  a  large  number  of  addi¬ 
tional  test  subjects  a  ship  comparison 
was  not  possible  in  the  S.E.  set  of 
analyses.  This  would  suggest  that 
future  S.E.  experimentation  could 
address  the  issue  of  ship  comparison 
from  the  outset  of  the  experimental 


TABLE  3- 12.  ABSOLUTE  MAGNITUDE  OF  DISTANCE  OFF-TRACK,  1XT 

(S.E.  COMPARISON) 


Wind  Side 

Wind 

Speed  Qct) 

Specialized 

Experienced 

Group 

Other 

Group 

Starboard 

40 

84 

77 

50 

87 

106 

65 

93 

99 

design  and  planning,  with  the  possibil¬ 
ity  oi  drawing  stronger  or  even  differ¬ 
ent  conclusions. 


3.3  SUMMARY  GROUND  TRACKS 

The  data  of  the  sample  groupings  of 
pilots  discussed  in  paragraph  3.2.1 
have  also  been  assembled  and  pre¬ 
sented  within  this  section  as  graphical 
representations  of  the  average  ship 
gromd  tracks  for  channel  transits  for 
each  wind  condition  with  bank  forces 
in  effect.  The  basic  chart  for  the  pre¬ 
sentation  of  this  information  is  shown 
in  Figure  3-12,  which  represents  the 
four  800  foot  wide  legs  and  the  final 
600  foot  wide  leg.  Legs  1  and  2  are 
continuous  segments,  as  are  legs  3  and 
4.  The  turn,  which  falls  between  legs 
2  and  3,  has  been  eliminated  from  the 
graph,  as  has  the  transition  segment 
between  legs  4  and  5.  Data  are  pre¬ 
sented  at  one-eighth  mile  increments, 


and  are  based  on  the  results  obtained 
from  each  subject  grouping  under  the 
given  wind  conditions.  For  example, 
the  six  LNG  pilots  each  transited  the 
channel  under  65  knots  of  starboard 
wind.  For  each  position  along  the 
track  the  six  values  of  off-track 
deviation  were  averaged,  a  standard 
deviation  was  computed,  and  the  larg¬ 
est  and  smallest  values  of  off-track 
deviation  were  noted.  At  the  correct 
position  along  the  track  this  average 
value  of  distance  off-track  was 
plotted  relative  to  the  channel  center- 
line  and  a  line,  centered  at  the  aver¬ 
age  with  a  total  length  equal  to  two 
standard  deviations,  was  also  drawn. 
Ship  passage  is  from  left  to  right  on 
the  graph,  with  starboard  deviation 
off-track  displaced  below  the  center- 
line  and  port  deviation  plotted  above 
the  center.  The  maximum  and  mean 
values  at  each  position  were  indicated 
by  small  circles.  The  repetitive  plot¬ 
ting  of  the  pertinent  data  for  each  1/8 


mile  position  in  the  five  legs  allows 
for  an  overview  of  each  group's  per¬ 
formance  under  the  given  wind  condi¬ 
tions.  These  plots  have  been  assem¬ 
bled  for  all  six  wind  conditions  and  for 
all  three  groupings  of  pilots.  The  data 
used  were  based  on  the  track  of  the 
center  of  gravity  of  each  vessel  in 
each  run,  and  do  not  account  for  the 
length  or  width  of  the  ships  them¬ 
selves. 


3.3.1  80K  Tanker 

The  graphs  for  the  six  wind  level  con¬ 
ditions  for  the  80K  tanker  runs  are 
shown  in  Figure  3-13.  The  average 
track  for  starboard  winds  are  slightly 
to  port,  i.e.,  to  leeward,  and  for  port 
winds  are  also  slightly,  though  to  a 
greater  degree,  towards  the  leeward 
side.  The  variability  (two  standard  de¬ 
viation  lines)  appears  to  be  smaller 
with  both  port  and  starboard  winds  for 
the  600  foot  leg  than  for  the  800  foot 
legs.  Maximum  and  minimum  off¬ 
track  deviations,  with  almost  no  ex¬ 
ception,  fall  within  plus  or  minus  200 
feet  of  the  centerline  of  the  channel. 


3.3.2  30K  Tanker 

The  graphs  for  the  30K  tanker  runs  are 
shown  in  Figure  3-14.  The  trends 
noted  for  performance  demonstrated 
by  the  80K  tanker  pilots  are  also  seen 
with  the  30K  tankers.  The  average 
off-track  deviations  for  the  65  knot 
port  wind/30K  tanker  passages  were 
somewhat  larger  than  that  found  for 
starboard  winds  or  with  the  80K/65 
knot  wind  conditions  for  either  wind 
side.  The  variability  for  the  port 
wind/30K  tanker  condition  was  larger 
than  when  starboard  winds  were 
encountered.  With  a  narrower  channel 
leg,  the  pilots  again  maintained  a 
more  controlled  performance.  The 
range  between  maximum  and  minimum 


values  for  the  higher  port  wind  levels 
was  almost  the  full  channel  width  and, 
in  fact,  the  ship's  center  of  gravity  for 
one  3 OK  tanker  run  actually  went  out¬ 
side  of  the  channel  boundary  under  the 
65  knot  port  wind  condition. 


3.3.3  LNG  Carrier 

The  summary  graphs  for  the  perform¬ 
ance  of  the  LNG  pilots  are  shown  in 
Figure  3-15.  Upon  examination,  sev¬ 
eral  overall  trends  emerge.  The  aver¬ 
age  tracks  become  poorer  (larger  dis¬ 
tance  off-track)  as  a  function  of 
increased  winds.  Performance  under 
conditions  of  port  winds  tends  to 
mirror  the  starboard  wind  effects. 

Variability  of  performance  as  shown 
by  the  length  of  the  two  standard 
deviation  lines  and  the  maximum  and 
minimum  off-track  deviation  "traces" 
are  large  (200  to  400  feet)  for  all  wind 
conditions  shown.  The  pattern  that 
was  noted  for  the  other  vessels  re¬ 
garding  performance  in  the  narrower 
leg  (leg  5)  is  no  longer  present;  i.e., 
there  is  no  apparent  improvement  in 
performance  when  the  LNG  pilots  per¬ 
ceived  that  the  channel  width  require¬ 
ments  were  more  stringent. 

The  scenario  had  been  designed  to 
allow  settling-in  (transition)  segments 
prior  to  legs  1,  3,  and  5  by  reducing 
wind  levels  in  the  transition  segments 
to  a  nominal  level  of  10  knots.  It  can 
be  seen  at  all  levels  of  wind,  and  most 
strikingly  at  65  knots,  that  the  LNG 
pilots  entered  each  of  these  three  legs 
(1,  3,  and  5)  in  either  good  position  or 
at  least  heading  toward  a  better  posi¬ 
tion  relative  to  the  channel  center 
track.  As  progress  was  made  into  the 
legs,  however,  the  wind  tended  to 
dominate  the  situation  and  push  the 
vessels  to  leeward.  As  ship  position 
deteriorated  the  pilots  took  other 
measures  to  correct  the  situation. 


Figure  3-13.  Summery  Grand  Trades,  80J>00  DWT  Tanker 


CHARACTERISTICS  30K  10:1  STBD  SHIP  CHARACTERISTICS 


Figure  3-14.  Summary  Ground  Tracks,  30,000  DWT  Tanker 
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-15.  Summary  Ground  Tracks,  LNG  Carrier 
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These  measures,  as  noted  previously, 
included  kick  turns  which  resulted  in 
increases  in  vessel  speed  as  pilots 
sought  to  maintain  control.  Overall, 
the  average  positions  of  ship  track 
indicate  that  the  LNG  pilots  were 
having  great  difficulties  maintaining  a 
steady  course,  especially  under  the 
higher  level  wind  conditions. 

3.3.4  Summary  Ground  Track  Conclu¬ 
sions 

The  results  shown  in  Figures  3-13, 
3-14,  and  3-15  display  the  same  data 
that  was  used  for  the  statistical 
analyses  discussed  in  the  main  com¬ 
parisons  of  paragraph  3.2.1,  but  in  the 
graphical  manner  used  give  more 
insight  into  the  trends  and  the  varia¬ 
tions  that  occurred  within  the  legs 
themselves.  The  80K  tanker  pilots 
appeared  to  have  somewhat  better 
control  than  did  the  30K  tanker  pilots, 
but  both  groups  showed  less  problems 
compared  with  the  performance  dis¬ 
played  by  the  pilots  conning  LNG 
vessels.  Especially  at  the  higher  wind 
levels,  the  plots  indicate  that  the 
latter  group  was  seen  to  be  fighting 
the  wind  as  their  vessels  headed 
towards  the  channel  boundaries. 

3.4  PILOT  POPULATION  PARA¬ 
METER  ESTIMATIONS 

The  previous  sections  (3.2  and  3.3) 
presented  the  performance  findings 
for  sample  groupings  of  pilots  transit¬ 
ing  a  narrow  waterway  under  various 
wind  conditions.  These  mariners  were 
grouped  in  accordance  with  the  vessels 
that  were  conned,  and  statistical  com¬ 
parisons  were  made  between  their 
group  performances.  Inferences  were 
then  drawn  regarding  comparative 
group  controllability  difficulties. 

The  pilots  in  each  ship  group  were 
randomly  selected  and  were  represen¬ 


tative  of  the  parent  pilot  populations 
from  which  they  were  drawn;  namely, 
pilot  organizations  with  personnel 
experienced  on  at  least  one  of  the 
three  vessels  studied,  (LNG  carrier, 
8 OK  tanker,  and  3 OK  tanker).  It  is,  of 
course,  desirable  to  extrapolate  from 
the  sample  group  to  the  parent  popula¬ 
tion  itself.  The  experimental  data 
were  therefore  subjected  to  additional 
analyses  which  allowed  further  infer¬ 
ences  to  be  made.  These  were  not  so 
much  group-to-group  comparisons,  but 
comparisons  relative  to  the  popula¬ 
tions  from  which  the  samples  were 
drawn.  By  statistical  manipulation  of 
the  sample  data,  estimations  were 
made  of  the  parent  populations  with 
regard  to  various  performance  mea¬ 
sures. 

Within  a  given  probability  of  error, 
estimations  were  made  for  all  experi¬ 
enced  pilots  that  might  transit  narrow 
channels  under  similar  wind  condi¬ 
tions.  By  studying  the  composite 
parent  population  parameters  ob¬ 
tained,  further  inferences  were  pos¬ 
sible  regarding  channel  width  require¬ 
ments  for  the  different  ships  under 
severe  wind  conditions.  The  perform¬ 
ance  measures  that  were  used  for 
these  estimations  were  absolute  mag¬ 
nitude  of  off-track  deviation  and  con¬ 
sistency  (variability)  of  ship  track 
around  the  average  track  of  the  pas¬ 
sage.  Estimations  of  the  range  of  the 
population  means  were  calculated 
from  the  sample  statistics  and  took 
the  form  of  confidence  intervals;  that 
is,  the  interval  in  the  distribution  of 
the  performance  measure  within  which 
the  population  mean  (  )  would  be 
expected  to  be  found  at  a  90%  con¬ 
fidence  level. 

The  estimation  of  the  range  of  values 
for  for  the  absolute  value  of  off¬ 
track  deviation,  1X1,  is  presented  in 
summary  graphical  form  in  Figure 
3-16  for  each  of  the  three  ships 
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Figure  3-16.  V  jjn  Intervals  (90% 
Confidence  Level) 


studied  at  each  of  the  wind  levels  that 
was  investigated.  The  data  are  pre¬ 
sented  in  more  complete  tabular  form 
for  this  measure,  as  well  as  all  mea¬ 
sures  discussed  in  this  section,  in 
Appendix  C.  The  upper  limit  of  the 
confidence  interval  for  the  LNG  popu¬ 
lation  mean  is  182  feet  for  a  50  knot 
wind  condition  and  somewhat  smaller, 
177  leet,  for  the  65  knot  condition.  For 
the  80K  tanker  the  upper  limit  is  ap¬ 
proximately  100  feet  while  the  30K 
tanker  has  an  upper  limit  at  65  knots 
of  148  feet.  The  lower  limit,  or 
"lowest"  average  in  the  interval  for 
the  larger  winds  is  approximately  145 
feet  for  the  LNG,  65  feet  for  the  80K 
tanker,  and  85  feet  for  the  30K 
tanker. 


The  mean  for  the  measure  of  1X1  is 
always  greater  or  equal  to  that  of  the 
actual  "signed"  off-track  deviation,  X. 
Therefore  these  values  of  the  popu¬ 
lation  means  are  more  conservative 
(greater)  than  would  be  estimated 
from  the  actual  off-track  deviation 
values.  Based  on  these  more  conser¬ 
vative  figures,  the  average  position  of 
the  center  of  gravity  for  the  LNG 
vessel  would  be  expected  to  be  less 
than  200  feet  from  the  center  in  an 
800  foot  wide  channel  while  the 
tankers  would  be  less  than  100  feet. 
This  is  for  winds  up  to  and  including  50 
knots. 

These  latter  values  do  not  tell  the 
whole  story,  however,  since  they 
represent  at  best  only  the  average 
magnitude  of  vessel  track.  Consis¬ 
tency  or  variability  around  the  mean 
track  must  also  be  considered.  Figure 
3-17  indicates  the  estimation  of  con¬ 
sistency  of  the  parent  populations. 
The  upper  limit  of  population  means 
for  this  measure  varies  from  approxi¬ 
mately  170  to  180  feet  for  LNG/large 
winds,  90  feet  for  80K  tankers/large 
winds,  and  110  to  120  feet  for  30K 
tankers/large  winds.  Considering  the 
conservative  estimates  of  the  mean 
values  of  off-track  deviation  and  con¬ 
sistency,  it  appears  that  the  tanker 
pilots  would  use  approximately  half 
(200  feet)  of  the  leeward  side  of  an 
800  foot  channel  under  these  wind 
conditions  that  were  studied.  Al¬ 
though  in  the  final  analysis  the  deci¬ 
sion  is  always  the  prerogative  of  the 
mariner  on  the  bridge,  the  results 
imply  that  under  these  extreme  con¬ 
ditions  tankers  of  this  type  could  be 
moved  if  necessary  in  an  800  foot 
channel  with  winds  in  the  50  to  65 
knot  range.  Pilots  on  the  LNG  carrier, 
however,  would  find  that  they  needed 
practically  the  whole  available  half 
channel  width  of  400  feet  for  winds  in 
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Confidence  Level) 


this  range,  and  would  therefore  be 
forced  to  wait  for  a  change  in  wind 
conditions  when  faced  with  transits 
which  couple  low  ship  speed  and  high 
winds. 


3.5  PERFORMANCE  VS.  WIND  STA¬ 
BILITY 

A  summary  assessment  of  the  per¬ 
formance  exhibited  by  the  three 
groupings  of  pilots  indicates  that  those 
pilots  who  conned  the  LNG  carriers 
consistently  had  a  more  difficult  time 
handling  their  vessels  than  did  the 
tanker  pilots.  This  was  apparent  with 
the  performance  measures  (^magni¬ 
tude  of  off-track  deviation  (1X1,  both 


factored  and  unfactored)  as  well  as 
consistency  (C)  and  ship  speed  (S). 
When  wind  levels  were  increased  to  65 
knots,  the  LNG  pilots  increased  their 
ship  speed  by  more  than  2:1  over  the 
requested  five  knots  in  order  to  main¬ 
tain  some  level  of  control.  In  spite  of 
this  attempt  to  maintain  controllabil¬ 
ity,  they  obviously  had  far  more  diffi¬ 
culty  with  their  vessels  than  either 
group  of  tanker  pilots  did.  The  net 
result  of  these  difficulties  in  a  narrow 
channel  passage  must  be  measured 
against  safety,  in  this  case  the  number 
of  times  a  portion  of  the  vessel  pene¬ 
trated  the  channel  boundaries  and 
shoal  area.  The  LNG  pilots'  diffi¬ 
culties  were  manifested  by  the  large 
number  of  such  incidents  and  the  fact 
that  these  incidents  also  increased 
with  the  higher  levels  of  wind. 

Inherent  wind  instabilities  for  the 
three  vessels  were  investigated  by 
means  of  off-line  computer  analyses, 
with  the  findings  presented  earlier  in 
the  report  (paragraph  1.2).  The  wind 
angles  used  in  this  experiment  lie  in 
the  range  between  90°  and  135°  off 
the  bow  for  the  tankers  and  60°  and 
120°  for  the  LNG  vessel.  Both  tankers 
had  been  shown  to  be  inherently  un¬ 
stable  in  this  range  of  wind  angle  at 
wind-to-ship-speed  ratios  of  8,  10,  and 
13  to  1.  These  were  the  ratios  de¬ 
signed  into  the  experiment,  and  the 
instabilities  were  indicated  in  the 
appropriate  figures  by  the  positive 
nature  of  the  real  part  of  the  roots, 
i.e.,  the  eigenvalues.  The  LNG  vessel, 
on  the  other  hand,  had  negative  eigen¬ 
values  for  the  wind  levels  and  direc¬ 
tions  used,  and  therefore  any  oscilla¬ 
tions  that  occurred  due  to  spurious 
forces  acting  on  the  LNG  tended  to 
quickly  dampen  out.  That  is  to  say, 
the  LNG  vessels  were  operating  under 
conditions  that  were  inherently  stable 
as  far  as  wind  instability  criteria  are 
concerned. 
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An  inspection  of  the  composite  find¬ 
ings  of  performance  and  inherent  ship 
instabilities  leads  to  an  extremely 
interesting  conclusion:  pilots  had 

more  difficulty  controlling  the  more 
stable  vessel.  Conversely,  as  demon¬ 
strated  by  performance,  the  less 
stable  vessels  were  more  easily  con¬ 
trolled.  This  points  to  the  fact  that 
the  basic  wind  instability  of  the  ves¬ 
sels  was  not  the  predominent  factor 
influencing  controllability  for  the  wind 
conditions  that  were  investigated. 
The  pilots  were  capable  of  overcoming 
the  wind-induced  inherent  ship  insta¬ 
bilities,  and  therefore  other  factors 
contributed  to  the  poorer  perform¬ 
ances  evidenced  on  the  LNG  vessel. 

What  these  factors  might  be  is  cer¬ 
tainly  a  question  of  interest  and  could 
be  adequately  addressed  in  a  future 
research  project.  This  experiment  was 
primarily  structured  to  examine  ship¬ 
handling  performance  and  questions 
concernirr  wind  stabilities  vs.  per¬ 
formance.  However,  some  off-line 
computer  simulations  were  run  after 
the  five  analyses  had  been  completed 
to  pursue,  if  only  on  a  preliminary 
basis,  the  question  of  the  difficulties 
that  the  pilots  had  experienced  con¬ 
trolling  the  LNG  vessel.  A  summary 
of  these  findings  are  contained  in 
Appendix  B.  They  address  the  nature 
of  the  difficulties  that  the  LNG  pilots 
were  confronted  with  while  trying  to 
turn  into  the  wind.  Figure  3-18  indi¬ 
cates  the  turning  capability  of  the 
three  vessels  with  no  wind,  full  35° 
rudder,  and  constant  engine  rpm.  The 
rpm  on  each  vessel  was  set  at  the 
value  required  for  five  knots  of  ship 
speed  under  constant  straight  course 
conditions.  Figure  3-19  contains  com¬ 
parable  curves  for  65  knot  starboard 
wind  conditions  with  the  indicated 
rudder  angles  applied  and  engine' rpm 
for  each  vessel  maintained  at  the  level 
used  for  no  wind.  It  can  be  seen  that 


Figure  3-18.  Ship  Turn  Rates, 
No  Wind 


the  tankers  are  capable  of  building  up 
a  positive  turn  rate  (with  starboard 
winds),  and  that  the  turn  can  be  con¬ 
trolled  by  the  amount  of  rudder 
applied.  The  LNG  vessel,  on  the  other 
hand,  is  seen  to  be  incapable  of  turn¬ 
ing  into  the  wind,  or  at  best  has  only 
an  extremely  small  turning  capability, 
even  with  the  application  of  a  maxi¬ 
mum  35°  of  rudder.  The  LNG  dis¬ 
played  an  extremely  high  degree  of 
directional  stability  under  these  wind 
conditions  and  there  was  little  differ¬ 
ence  in  turning  capability  between  0 
and  35°  of  rudder.  Therefore,  the 
rudder  for  these  conditions  could  be 
referred  to  as  "saturated,"  i.e.,  having 
little  effect.  As  indicated  in  Appendix 
B,  this  turning  capability  is  consider¬ 
ably  improved  by  the  use  of  a  kick 
turn,  i.e.,  an  increase  of  engine  RPM 
for  a  short  period  to  increase  rudder 


eflectivity.  The  LNG  pilots  recog¬ 
nized  this  characteristic  oi  their 
vessel  and  consistently  made  use  of 
engine  speed  changes  to  regain  con¬ 
trol;  that  is,  to  turn  the  vessel  to 
windward.  "Kicking, n  so  as  to  turn  to 
windward,  and  the  resultant  increase 
in  their  ships'  speed  were  major  char¬ 
acteristics  of  the  ship-handling  proce¬ 
dures  used  by  the  LNG  pilots.  This 


explains  to  a  large  degree  the  reason 
that  the  average  rudder  angle  did  not 
change  significantly  as  a  function  of 
wind  magnitude  in  the  analysis  dis¬ 
cussed  in  paragraph  3.2.I.6.I.  The 
LNG  pilots  found  that  they  were  bur¬ 
dened  with  a  "saturated"  rudder  and 
therefore  relied  mostly  on  kick  turns, 
as  well  as  increased  speed,  to  control 
their  ships. 


CONCLUSIONS  AND  RECOMMENDATIONS 


o  The  experiment  dearly  showed  a 
marked  difference  in  narrow 
channel  ship-handling  perform¬ 
ance  by  pilots  conning  the  LNG 
carriers  as  compared  with  those 
conning  the  tankers.  Under 
some  conditions  of  winds,  banks, 
channel  widths,  etc.,  differences 
between  the  performances  by 
pilots  on  the  8 OK  tankers  and 
30K  tankers  were  also  in  evi¬ 
dence.  Overall,  the  -  pilots 
assigned  to  the  LNG  carriers 
exhibited  the  largest  degree  of 
control  difficulties  under  the 
extreme  wind  conditions  used  in 
the  experiment.  When  differ¬ 
ences  existed  between  perform¬ 
ance  on  tankers,  the  mariners  on 
the  80K  tankers  exhibited  better 
controllability. 

o  The  experimental  design  as  well 
as  the  scenario  itself  were  struc¬ 
tured  to  impose  high  levels  of 
stress  on  the  men  and  the  ships 
used  in  the  experiment  so  as  to 
discern  more  clearly  differences 
in  performance  which  might 
exist.  As  a  consequence,  numer¬ 
ous  penetrations  of  the  shoal 
area  and  channel  boundaries 
|  occurred,  and  these  became  a 

sensitive  measure  of  control 
difficulties  encountered.  The 
pilots  on  the  LNG  had  a  larger 
number  of  such  incidents  then 
did  the  tanker  pilots,  and  there 
|  were  more  of  these  incidents 

occurring  at  higher  winds  then  at 
the  40  knot  condition.  The  30K 
tanker  pilots  also  had  a  greater 
number  of  incidents  at  the 
highest  wind  level,  but  still  far 
j|  fewer  than  the  pilots  conning  the 

LNG  carrier. 


o  Ship  control  difficulties  did  not 
correlate  in  a  positive  manner 
with  inherent  wind-based  ship 
instabilities.  The  inference  that 
the  more  unstable  vessel  would 
be  more  difficult  to  control  was 
not  borne  out  and,  in  fact,  the 
reverse  was  found  to  be  true. 
The  LNG  vessel  was  shown  to 
have  a  lower  level  of  wind  in¬ 
duced  instabilities,  yet  the  pilots 
that  conned  that  ship  had  the 
most  difficulty  with  the  channel 
passage.  Tanker  pilots  were  able 
to  overcome  their  vessels'  insta¬ 
bilities  and  transited  the  channel 
with  less  problems.  It  was  ap¬ 
parent,  therefore,  that  ship 
characteristics  other  than  insta¬ 
bility  caused  by  high  wind  levels 
were  more  dominant  in  the  de¬ 
termination  of  controllability. 

o  The  LNG  pilots  found  that  their 
rudder  was  not  effective  under 
the  wind  conditions  that  they 
encountered.  They  were  forced 
to  increase  engine  rpm  to 
counter  the  control  problems 
that  they  were  experiencing  and, 
in  an  attempt  to  maintain  con¬ 
trol,  increased  the  speed  of  their 
vessel  through  the  water  by 
more  than  100%  over  the  desired 
speed. 

o  Based  on  the  sampling  techni¬ 
ques  and  analyses  that  were  used 
in  this  expeiment,  estimations  of 
probable  LNG  ship-handling  per¬ 
formance  by  any  experienced 
pilot  indicate  that  it  would  be 
highly  injudicious  to  make  an 
actual  passage  in  a  600  to  800 
foot  waterway  without  tug 
assistance  under  any  of  the  wind 
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conditions  that  were  studied. 
This  would  especially  be  true  il 
the  vessels,  for  any  reason,  were 
unable  to  have  their  speed 
through  the  water  increased  to 
more  than  10  knots. 

The  80K  tanker  pilots  made  use 
of  the  channel  banks  as  an  aid 
during  the  passages  through  the 
narrow  waterway.  Transits 
through  a  channel  with  banks 
was  safer  (fewer  boundary  pene¬ 
trations)  than  those  passages 
which  occurred  in  a  channel  that 
had  no  banks.  The  pilots  also 
progressed  through  the  banked 
channels  at  a  slightly  higher 
speed  then  when  no  banks  were 
present. 

The  600  foot  channel  width 
affected  the  LNG  pilots  to  a 
greater  degree  than  it  did  those 
who  conned  the  tankers.  The 
trend  of  decreased  safety  with 
increased  wind  levels  that  was 
observed  for  the  800  foot  wide 
channel  segment  did  not  occur 
when  the  channel  was  only  600 
feet  wide.  The  LNG  pilots  per¬ 
ceived  that  the  narrower  channel 
would  be  more  difficult/danger¬ 
ous  and  substantially  increased 
their  ship's  speed  during  that 
portion  of  the  passage  to  acquire 
a  greater  degree  of  control  over 
their  vessel. 

Prior  experience  with  a  very 
narrow  channel  did  not  surface 
as  a  significant  factor  in  the 
performance  exhibited  in  800 
and  600  foot  wide  channel  seg¬ 
ments.  This  finding  was  most 
probably  caused  by  the  structur¬ 
ing  of  the  samples  used  in  the 
mini-analysis  of  this  particular 
issue  since  the  "experience 
factor"  was  investigated  as  an 


afterthought,  i.e.,  after  the 
experiment  had  commenced. 
The  question  of  specific  types  of 
experiences  affecting  perform¬ 
ance  in  a  narrow  channel  would 
benefit  from  a  more  thorough 
detailed  investigation. 

On  most  ships,  including  an  LNG 
vessel,  a  positive  rudder  causes  a 
turn  to  port.  For  certain  par¬ 
ticular  wind  directions  and  mag¬ 
nitudes,  an  anomoly  occurs  in 
the  ship-handling  characteristics 
of  the  LNG,  resulting  in  a  posi¬ 
tive  rudder  causing  a  turn  to 
starboard.  The  effects  on  per¬ 
formance  of  this  "rudder  rever¬ 
sal  phenomenon"  were  studied 
during  the  experiment  but  the 
findings  were  inconclusive.  The 
general  difficulties  that  the  LNG 
pilots  faced  with  ship  control¬ 
lability  overshadowed  any 
"special  effects"  differences  in 
ship  handling  that  might  exist. 
By  increasing  their  speed  in  the 
"reverse  rudder"  portion  of  the 
channel  the  pilots  attained  much 
better  control,  thereby  masking 
any  difficulties  that  existed 
because  of  a  lack  of  familiarity 
with  this  phenomenon.  This 
question,  related  to  "reverse 
rudder  effects,"  would  also  bene¬ 
fit  from  more  detailed  future 
research. 

Pilots  were  shown  to  be  capable 
of  overcoming  the  wind-based 
instabilities  of  their  vessels,  and 
therefore  differences  in  per¬ 
formance  in  heavy  winds  were 
caused  by  other  ship  character¬ 
istics.  An  example  of  one  such 
ship  characteristic  is  the  deve¬ 
lopment  of  a  turn  rate.  Analyses 
have  shown  that  the  LNG  vessel 
exhibits  an  extremely  limited 
capability  for  the  development 
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of  a  turn  rate  into  the  wind 
caused  by  exceptional  levels  of 
directional  stability.  Further 
research  could  address  issues  of 
which  characteristics  dominate 


the  controllability  problems  for 
the  LNG  in  winds  ami  how  ship- 
handling  performance  can  be 
better  managed  in  narrow  water¬ 
ways. 
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A.1  DESCRIPTION  OF  CAORF 

CAORF  is  the  sophisticated  ship- 
maneuvering  simulator  operated  by  the 
U.S.  Maritime  Administration  for  con¬ 
trolled  research  into  man-ship-environ¬ 
ment  problems.  Controlled  experi¬ 
ments,  which  might  require  several  ves¬ 
sels,  cannot  be  performed  readily  in  the 
real  world  and  would  certainly  be  ruled 
out  for  testing  situations  that  involve 
potential  danger.  Such  experiments  can 
be  performed  safely  and  easily  at 
CAORF.  A  simplified  cutaway  of  the 
simulator  building  is  shown  in  Figure 
A-l  and  the  relationships  among  the 
major  subsystems  are  illustrated  in 
Figure  A-2. 

All  actions  called  for  by  the  watch 
officer  on  the  bridge  are  fed  through  a 
central  computer  that  alters  the  visual 
scene  and  all  bridge  displays  and  re¬ 
peaters  in  accordance  with  the  calcu¬ 
lated  dynamic  response  of  ownship  and 
the  environmental  situation  being 
simulated.  CAORF  has  the  capability 
of  simulating  any  ship,  port,  or  area  in 
the  world.  The  major  subsystems  are: 


o  Wheelhouse,  which  contains  all 
equipment  and  controls  needed  by 
the  test  subject  watch  officer  to 
maneuver  ownship  through  a  sce¬ 
nario,  including  propulsion  and 
steering  controls,  navigational 
equipment  and  communication 
gear. 

o  Central  Data  Processor,  which 
computes  the  motion  of  ownship 
in  accordance  with  its  known 
characteristics,  models  the  be¬ 
havior  of  all  other  traffic  ships, 


and  drives  the  appropriate  bridge 
indicators. 

o  Image  Generator,  which  con¬ 

structs  the  computer-generated 
visual  image  of  the  surrounding 
environment  and  traffic  ships  that 
is  projected  onto  a  cylindrical 
screen  for  visual  realism. 

o  Radar  Signal  Generator,  which 

synthesizes  video  signals  to  stim¬ 
ulate  the  bridge  radars  and  colli¬ 
sion  avoidance  system  for  the  dis¬ 
play  of  traffic  ships  and  surround¬ 
ing  environment. 

o  Control  Station,  from  which  the 

experiment  is  started  and  stop¬ 
ped,  traffic  ships  and  environment 
can  be  controlled,  mechanical 
failures  can  be  introduced,  and 
external  communications  with 
ownship's  bridge  can  be  simulated. 

o  Human  Factors  Monitoring  Station, 

from  which  unobtrusive  observa¬ 
tion  and  video  recording  of  test 
subject  behavior  can  be  carried 
out  by  experimental  psycholog¬ 
ists. 


A.2  SIMULATED  BRIDGE 

The  simulated  bridge  consists  of  a 
wheelhouse  20  feet  (6.1  m)  wide  and  14 
feet  (4.3  m)  deep.  The  equipment  on 
the  CAORF  bridge  is  similar  to  that 
normally  available  in  the  merchant 
fleet  and  responds  with  realistically 
duplicated  time  delays  and  accuracy. 
The  arrangement  is  based  on  contem¬ 
porary  bridge  design  and  includes  the 
following  equipment: 
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Figure  A-l.  Cutaway  of  CAORF  Building 


Steering  Controls  And  Displays  -  a 
gyropilot  helm  unit  with  standard 
steering  modes,  rate  of  turn  indi¬ 
cator,  rudder  angle/rudder  order 
indicators,  and  gyro  repeaters. 

Propulsion  Controls  and  Displays  - 
an  engine  control  panel  (capable 
of  simulating  control  from  either 
bridge  or  engine  room)  containing 
a  combined  engine  order  tele¬ 
graph/throttle,  an  rpm  indicator 
and  a  switch  for  selecting  the 
operating  mode,  such  as  finished 
with  engine,  warm  up,  maneuver¬ 
ing  and  sea  speed. 

Thruster  Controls  and  Displays  - 
bow  and  stern  thrusters  and  their 


respective  indicators  and  status 
lights. 

o  Navigation  Systems  -  two  radars 

capable  of  both  relative  and  true 
motion  presentations,  plus  a  colli¬ 
sion  avoidance  system.  Capabil¬ 
ity  exists  for  future  additions 
such  as  a  digital  fathometer, 
Radio  Direction  Finder,  and  Loran 
C  and  Omega  systems. 

o  Communications  -  simulated 

VHF/SSB  radio,  docking  loud¬ 
speaker  (talkback)  system,  sound 
powered  phones  and  ship's  whistle. 

o  Wind  Indicators  -  indicate  to  the 

bridge  crew  the  true  speed  and 
direction  of  simulated  wind. 
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OVNSHB*  SIMULATION 

ship  can  be  simulated  at  CAORF. 
computerized  equations  of  motion 
adapted  to  the  ship  by  changing 
fic  coefficients,  among  which  are 
hydrodynamic,  inertial,  propulsion, 
thruster,  rudder,  aerodynamic,  etc. 
Wind  and  currents  realistically  affect 
ship  motion  according  to  draft  (loaded 
or  ballasted)  and  relative  speed  and 
direction.  Ownship's  computer  model 
was  validated  by  comparing  various 
simulated  maneuvers  (e.g.,  zig-zag, 
turning  circle,  spiral,  crash  stop,  and 
acceleration  tests)  with  sea  trail  data. 


A.*  IMAGE  GENERATION 

The  visual  scene  is  generated  at 
CAORF  to  a  degree  of  realism  suffi¬ 
cient  for  valid  simulation.  The  scene 
(Figure  A-3)  includes  all  the  man-made 
structures  and  natural  components  of 
the  surrounding  scene  that  mariners 
familiar  with  the  geographical  area 
deem  necessary  as  cues  for  navigation. 

Thus,  bridges,  buoys,  lighthouses,  tall 
buildings,  mountains,  glaciers,  piers, 
coastlines,  and  islands  would  be  de¬ 
picted  in  the  scene.  In  addition,  the 
closest  traffic  ships  and  the  forebody  of 


Figure  A-3.  Typical  Simulated  Visual  Scene  at  CAORF 


I 


ownship  appear.  All  elements  In  the 
scene  appear  to  move  in  response  to 
ownship's  maneuvers.  The  sky  is  de¬ 
picted  without  clouds  and  the  water 
without  waves. 


as  40  moving  traffic  ships  can  be 
displayed.  The  radar  signal  generator 
also  drives  the  collision  avoidance 
system,  which  can  be  slaved  to  either 
of  the  master  PPIs. 


For  enhanced  realism  the  scene  is  pro¬ 
jected  in  full  color.  The  perspective  is 
set  for  the  actual  bridge  height  above 
waterline  for  the  simulated  ship.  Sha¬ 
dowing  can  be  varied  according  to  the 
position  of  the  sun  at  different  times  of 
day. 

Environmental  conditions  also  affect 
the  scene.  The  lighting  can  be  varied 
continuously  from  full  sun  to  moonless 
night.  At  night,  lights  can  be  seen  on 
traffic  vessels,  buoys,  piers,  and  other 
points  ashore.  Visibility  in  the  day  or 
night  can  be  reduced  to  simulate  any 
degree  of  fog  or  haze. 


A.5  RADAR  SIGNAL  GENERATION 

The  Radar  Signal  Generator  produces 
real-time  video  signals  for  driving  the 
two  radar  PPIs.  The  items  displayed 
are  synchronized  with  the  visual  scene 
and  include  navigation  aids,  ships, 
shorelines  and  other  topographical 
|  features  with  appropriate  target 

shadowing,  clutter,  range  attenuation, 
and  receiver  noise.  The  radar  gaming 
area,  which  covers  an  area  of  150  by 
200  miles,  extends  beyond  the  visual 
[  gaming  area,  which  is  50  by  100  miles, 

i  Within  the  radar  gaming  area,  as  many 


A.6  CONTROL  STATION 

The  Control  Station  (Figure  A-4)  is  the 
central  location  from  which  the  simula¬ 
tor  experiment  is  controlled  and  moni¬ 
tored.  An  experiment  can  be  initiated 
anywhere  within  the  visual  gaming  area 
with  any  ship  traffic  configuration. 
The  Control  Station  enables  the  re¬ 
searchers  to  interface  with  the  watch¬ 
standing  crew  on  the  bridge,  to  simu¬ 
late  malfunctions,  and  to  control  the 
operating  mode  of  the  simulator.  The 
Control  Station  is  also  capal'-»  of  con¬ 
trolling  motions  of  traffic  ships  and 
tugs  in  the  gaming  area  and  simulating 
telephone,  intercom,  radio  (VHF,  SSB) 
and  whistle  contact  with  the  CAORF 
bridge  crew. 


A .7  HUMAN  FACTORS  MONITOR¬ 
ING  STATION 

The  Human  Factors  Monitoring  Station 
(Figure  A-5)  is  designed  to  allow  collec¬ 
tion  of  data  on  crew  behavior.  Moni¬ 
toring  data  is  provided  by  five  closed- 
circuit  TV  cameras  and  four  micro¬ 
phones  strategically  located  throughout 
the  wheelhouse  to  record  all  activities, 
comments  and  commands. 


< 
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Figure  A-4.  Control  Station 


Figure  A- 5.  Human  Factors  Monitoring  Station 


APPENDIX  B 


EFFECT  OF  WIND  ON  SHIP  CONTROLLABILITY,  STABILITY 
AND  MANEUVERABILITY 


The  CAORF  on-line  Simulator  is  pre¬ 
sently  investigating  pilot  controllabil¬ 
ity  and  ship  maneuverability  for 
several  classes  of  ships  passing 
through  restricted  waterways.  These 
studies  are  designed  to  investigate  the 
difficulties  encountered  by  experi¬ 
enced  pilots  while  conning  different 
classes  of  ships  through  a  narrow 
channel.  The  pilot's  task  is  normally 
complicated  with  the  presence  of  dis¬ 
turbances  due  to  changes  in  the  local 
winds  and  tides  and  is  further  bur¬ 
dened  with  changing  hydrodynamic 
effects  due  to  variations  in 
depth/draft  ratio  and  bank  effects 
throughout  the  passage.  The  on-line 
study  presents  the  pilots  with  a  single 
45°  turn  channel  which  must  be 
transited  at  a  moderately  low  ship 
speed  of  five  knots,  under  wind 
conditions  which  reach  the  level  of  65 
knots.  At  these  severe  wind 
magnitudes  different  vessels  exhibit 
differential  levels  of  wind-based 
inherent  ship  instabilities,  and  the 
study  is  designed  to  investigate  the 
manner  in  which  pilots  can  adjust  to 
these  difficulties  during  their  channel 
passages.  Since  a  complete  stability 
analysis  was  not  available  for  the 
CAORF  ship  models  considered  for 
these  studies  it  was  requested  that 
Grumman  Research  augment  the  off¬ 
line  Optimal  Ship  Maneuvering  Pro¬ 
gram  to  determine  ship  stability  (or 
instability)  for  given  wind  strengths 
and  directions. 


The  maneuvering  program  was  exten¬ 
ded  with  additional  subroutines  to 
evaluate  the  stability  eigenvalues 
associated  with  the  perturbation  equa¬ 
tions  which  arise  from  linearizing  the 
non-linear  ship  dynamics  about  the 
equilibrium  cruise  condition.  The 
approach  is  similar  to  that  used  by 
Eda'l)  in  1968  to  analyze  the  low 
speed  controllability  of  the  Mariner- 
class  vessel  in  wind.  Eda  investigated 
the  stability  of  these  ships  for  both 
the  unsteered  and  the  automatically 
steered  modes  of  operation.  His  find¬ 
ings  are  summarized  in  Figure  B-l 
where  the  real  part  of  the  dominate 
eigenvalues  are  plotted  for  various 
wind  conditions.  He  concludes  that 
"Comparison  of  the  figures  shows  the 
great  improvement  in  stability  in  wind 
can  be  achieved  by  the  introduction  of 
a  control  system  (or  an  experienced 
helmsman)." 

Wind  stability  was  examined  for  two 
different  CAORF  tankers  and  one 
liquidfied  natural  gas  ship.  Table  B-l 
indicates  the  ship  type,  tonnage,  and 
wind  conditions  studied. 

Additional  subroutines  were  included 
to  determine  the  trim  conditions  for 
the  rudder  angle,  sideslip  angle,  and 
propeller  RPM  required  to  maintain  a 
straight  track  when  ship  speed,  course, 
and  wind  speed  and  direction  are 
given. 


^  Eda,  H.,  Low  Speed  Controllability  of  Ships  in  Wind,  Journal  of  Ship  Research, 
Sept.  1968,  p.  181-200. 
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Figure  B-l  Stability  Analysis  of 

Mariner-Class  Vessels  by 
Eda 


The  salient  features  of  the  results  of 
this  investigation  for  the  three  ships 
are  given  in  Figures  B-2  through  B-ll. 
Summarized  are  the  equilibrium  rud¬ 
der  angles  and  the  eigenvalues  (real 
part  only)  of  the  perturbation  equa¬ 
tions  indicative  of  the  degree  of  sta¬ 
bility  for  an  unsteered  ship. 


30^000  DVT  Tanker 

The  equilibrium  or  trim  value  of  the 
rudder  angle  is  given  in  Figure  B-2  for 
various  relative  wind  strengths  and 
directions.  For  this  ship  very  little 
trim  rudder  is  required  for  winds  from 
the  bow  (fa  £  60°);  note  that  only  4° 
of  port  rudder  is  needed  to  balance  a 
strong  wind  (Ua  =  13U)  at  f*  *  60°- 
This  figure  summarizes  the  common 
ship  characteristic  which  requires  in¬ 
creasing  trim  angles  for  beam  winds  of 
increasing  strength  and  only  minor 
rudder  angles  for  winds  from  the  bow 
or  stern.  For  the  moderate  wind  of 
Ua  =  8U  blowing  from  the  stern  quar¬ 
ter  (fA  =  125®  -165°)  the  curve  is 
shown  dotted  to  indicate  wind  condi¬ 
tions  for  which  the  wind/ship  speed 
ratio  cannot  be  maintained  at  eight 
with  a  positive  value  of  propeller  rpm 
(N),  that  is,  trim  or  equilibrium  can 
only  be  attained  with  reverse  propeller 
rpm.  Another  common  handling  char¬ 
acteristic  is  the  loss  of  ship  controll¬ 
ability  which  occurs  when  the  trim 
value  for  the  rudder  reaches  its  maxi¬ 
mum  deflection.  This  usually  occurs 
for  strong  winds  from  the  beam  which 
create  significant  lateral  forces  and 
cause  sideslip  and  a  resulting  hydro- 
dynamic  moment  which  can  only  be 
counteracted  with  large  rudder  deflec¬ 
tions. 

This  tanker  would  lose  controllability 
if  operated  in  wind/ship  speed  ratios 
of  12  or  greater  and  with  wind 
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direction  of  110°  or  more.  To 
regain  control  of  the  ship  if  these 
wind  conditions  were  ever  en¬ 
countered,  the  helmsman  would 
either  have  to  increase  propeller 
rpm  and  thereby  reduce  the 
wind/ship  speed  ratio  or  he  would 
have  to  steer  another  course 
direction  resulting  in  a  more 
favorable  relative  wind  direction. 

The  equilibrium  subroutine  deter¬ 
mines  the  trim  values  for  the  rudder 
angle,  the  sideslip  and  the  propeller 
rpm  for  prescribed  values  of  ship 
speed  and  heading,  and  wind  speed 
and  direction.  Therefore,  in  addi¬ 
tion  to  the  trim  rudder  angles  given 
in  Figure  B-2  similar  plots  are  • 
available  for  trim  values  of  sideslip 
angle  and  propeller  rpm. 


Figure  B-3  Eigenvalue  (Real  Part) 
Venue  Wind  Speed  and 
Direction  far  30,000  DWT 
Tanker 


Associated  with  the  controllability 
of  a  ship  is  its  longitudinal  direc¬ 
tional  stability  or  its  ability  to 
maintain  a  given  course  when  wind 
perturbations  cause  the  ship  to 
deviate  from  toe  equilibrium  condi¬ 
tions.  To  analyze  directional  stabil¬ 
ity,  subroutines  were  developed  to 
evaluate  the  eigenvalues  of  the  per¬ 
turbation  equations  which  result 
from  linearizing  the  non-linear  ship 
dynamics.  It  should  be  recognized 
that  the  perturbation  analysis  is 
valid  for  only  small  disturbances 
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Figure  B-2  Equilibrium  Rudder 
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away  from  the  equilibrium  conditions. 
The  nature  of  the  solution  to  toe  per¬ 
turbation  equations  can  be  determined 
by  plotting  the  eigenvalues  on  a  root 
locus  plot  for  variations  in  wind  speed 
and  direction.  These  plots  indicate 
whether  the  responses  are  stable  or 
unstable,  and  provide  data  on  frequ¬ 
ency  of  oscillation  and  the  time  con¬ 
stants  or  damping  coefficients  from 
the  real  and  imaginary  parts  of  the 
eigenvalue.  To  investigate  the  ques¬ 
tion  of  stability  it  is  only  necessary  to 
know  toe  sign  of  the  real  parts  of  the 
roots.  Therefore  the  same  convention 
as  Dr.  Eda^  of  plotting  only  the  real 
part  of  the  critical  eigenvalue  for  var¬ 
iations  in  wind  is  used.  It  is  evident 
from  Figure  B-3  that  the  unsteered 
ship  is  stable  for  all  winds  from  the 
bow  quarter  ($a  =  0°  -75°)  and  exhi¬ 
bits  a  damped  oscillatory  response  to  a 
wind  disturbance  due  to  the  negative 
real  part  of  the  eigenvalues  and  the 
fact  that  it  is  indicatedas  a  complex 
root.  For  winds  from  the  beam  (Va  - 
75 0  -120°)  the  ship  exhibits  an  un¬ 
stable  response  for  changes  in  wind 
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strength  or  direction  when  no 
steering  action  is  taken,  that  is,  the 
perturbation  analysis  predicts  die 
yaw  rate  and  heading  to  increase 
exponentially  unbounded.  In  reality 
the  ship  will  change  its  heading  until 
a  relative  wind  angle  is  reached 
(bow  or  stern)  which  causes  a  stable 
response  for  the  ship. 


80,000  DWT  Tanker 

Figure  B-4  indicates  that  the  rudder 
trim  required  for  wind  disturbances 
by  the  80,000  DWT  tanker  has  the 
same  general  character  as  that  for 
the  30,000  DWT  tanker  (Figure  B-2). 
There  is  a  quantitative  difference 
though;  the  80,000  DWT  tanker  re¬ 
quires  about  twice  the  rudder  angle 
to  trim  for  the  same  wind  condition. 
Again  for  moderate  winds  (Ua  =  8U) 
from  the  stern  quarter,  reverse  pro¬ 
peller  rpm  is  required  to  maintain 
the  wind/ship  speed  ratio.  Rudder 
saturation  accompanied  with  a  loss 
of  controllability  occurs  for  strong 
winds  (Ua  =  13U)  at  a  beam  wind 
direction  of  100°. 

Unlike  the  30,000  DWT  tanker,  the 
80,000  DWT  tanker  is  directionally 
unstable  for  winds  directly  from  the 
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Figure  B-4  Equilibrium  Rudder 

Versus  Wind  Speed  and 
Direction  for  80,000 
DWT  Tanker 


Figure  B-S  Eigenvalue  (Retd.  Part) 
Versus  Wind  Speed  and 
Direction  far  80,000  DWT 
Tanker 


bow  (0°  -  30°)  as  shown  in  Figure  B -5. 
For  small  perturbations  from  trim,  the 
yaw  rate  for  the  ship  would  oscillate 
with  ever  increasing  amplitude  if  no 
action  were  taken  by  the  helmsman. 
The  ship  becomes  stable  for  winds 
from  the  bow  quarter  (i|>a  =  30°  -  80°) 
and  exhibits  the  characteristic  of  im¬ 
proved  stability  for  greater  wind 
strength  in  this  region.  For  winds 
from  the  beam  (\|»a  =  80°  -  120°),  the 
ship  is  unstable  and  responds  with  an 
exponentially  increasing  yaw  rate. 

To  verify  the  stability  of  these  ships 
predicted  by  the  perturbation  analysis, 
trajectories  were  generated  with  the 
Ship  Maneuvering  Program  using  the 
non-linear  dynamic  equations.  In  par¬ 
ticular,  for  the  80,000  DWT  tanker 
three  wind  conditions  were  considered; 
strong  winds  (Ua  =  13U)  blowing  from 
the  (absolute)  directions  of  10°,  60° 
and  120°.  Figure  B-5  predicts  an 
unstable,  stable,  and  an  unstablere- 
sponse  for  these  wind  conditions.  For 
the  simulations  the  ship  was  initialized 
with  the  necessary  trim  values 


for  rudder  angle  and  pro¬ 
peller  rpm.  The  required  aldeaUs 
angles  to  maintain  the  ship  on  a  0° 
course-made-good  are  .75°,  5.5°, 
and  2°,  respectively.  To  provide  a 
perturbation  from  the  wind  equili¬ 
brium  conditions  the  ship  was  in¬ 
itialized  with  0°  sideslip  rather  than 
the  above  trim  values.  The  time 
histories  for  the  ship's  heading  for 
the  three  wind  conditions  are  shown 
in  Figure  B-6  where  the  nature  of 
the  solution  is  of  the  form  predicted 
by  the  analysis.  With  the  wind  from 
the  bow  (4>a  -10°)  the  heading  is  an 
unstable  increasing  oscillatory  re¬ 
sponse;  for  a  wind  from  the  bow 
quarter  ($a  =  60°)  the  response  is  a 
stable  damped  oscillatory  motion; 
and  for  a  wind  from  the  beam  the 
heading  increases  in  an  exponen¬ 
tially  unstable  manner. 


LNG  123,000  m^Carrier 

This  ship  has  very  different  aero¬ 
dynamic  characteristics  compared 
to  either  the  30,000  DWT  tanker 
with  a  central  wheelhouse  or  the 
80,000  DWT  tanker  with  a  stern 


Figure  B-6  80,000  DWT  Tanker  Yaw 

Response  Induced  by 
Small  Perturbations 


ABSOLUTE  HIND  ANGLE  -  (DEGREES) 


Figure  B-7  Equilibrium  Rudder 
Angles  Versus  Wind 
Speed  and  Direction 
for  LNG  Carrier 


wheelhouse  design.  The  LNG  has  large 
tanks  which  rise  well  above  deck  level 
and  present  a  large  sail  area  over  its 
entire  length  resembling  a  lightly 
loaded  tanker  or  ocean  liner. 

These  differences  are  immediately 
evident  from  the  trim  rudder  angles 
required  for  various  wind  conditions 
shown  in  Figure  B-7.  For  light  winds 
(UA  <,  5U)  the  rudder  angles  are  simi¬ 
lar  to  those  for  the  tankers,  but  for 
moderate-to-strong  winds  (Ua  >  5U) 
from  the  beam  the  characteristics 
vary  dramatically.  For  wind/ship 
speed  ratios  greater  than  10  the  LNG 
requires  a  reversed  rudder  angle,  that 
is,  for  Ua  =  13U  and  4>A  =  90°  the 
rudder  must  be  held  at  10°  starboard 
to  maintain  trim.  In  comparison,  for 
the  same  wind  condition  the  30,000 
DWT  tanker  requires  a  10°  port  rudder 
while  the  80,000  DWT  tanker  needs 
20°  port  rudder  for  equilibrium.  These 
rudder  reversals  could  cause  control 
problems  for  inexperienced  pilots 
assigned  to  the  LNG. 


The  LNG  is  more  unstable  than  the 
SO, OOO  DVT  tanker  lor  all  winds 
from  the  bow,  as  illustrated  in 
Figure  B-S.  That  is,  the  magnitude 
of  the  real  part  of  the  dominate 
eigenvalue  is  three  to  four  times 
that  for  the  SO, 000  DVT  tanker 
indicating  a  corresponding  change  in 
the  time  constant  associated  with 
the  exponential  divergence.  In 
contrast,  the  LNG  exhibits  greater 
stability  for  all  wind  strengths  from 
the  beam  direction  (i|>a  =  60°  - 
120°).  The  ship  becomes  unstable 
and  uncontrollable  for  winds  from 
the  stem  quarter.  In  particular,  for 
low  wind/ship  speed  ratios  (Ua  < 
5U)  the  ship  has  unstable 
eigenvalues  as  shown.  In  addition, 
for  higher  wind  speed  (Ua  >  8U)  the 
LNG  is  not  only  unstable  but  is 
uncontrollable  with  only  rudder  con¬ 
trol  since  the  maximum  rudder 
angle  constraint  is  violated  for 
these  wind  conditions. 


HO  WIND 
RUDDER: 


Figure  B-9  Turning  Circles  for 
Maximum  Starboard 
Rudder 
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Figure  B~8  Eigenvalue  (Real  Part) 
Versus  Wind  Speed  and 
Direction  for  LNG 
Carrier 


Ship  Maneuverability 

Because  the  pilots  operating  the  LNG 
on  the  CAORF  Simulator  commented 
on  the  ship's  poor  handling  character¬ 
istics  in  strong  winds,  a  study  was 
made  using  the  off-line  simulation 
code  to  verify  these  responses.  The 
response  of  the  three  ships  to  hard 
over  rudder  command  without  wind 
were  studied  first.  Then  the  ability  of 
the  ships  to  turn  from  a  wind  equili¬ 
brium  condition  (strong  winds  from  the 
beam)  was  investigated.  Finally  the 
use  of  a  kick  rudder  maneuver  was 
simulated  for  the  LNG. 

The  turning  circles  or  maneuvering 
capabilities  for  the  three  ships  using 
maximum  starboard  rudder  (6  =  -35°) 
are  shown  in  Figure  B-9.  The  10- 
minute  simulated  trajectories  were 
generated  without  wind  and  show 


that  the  30,000  DVT  tanker  can 
maneuver  inside  the  SO, 000  DVT 
tanker  which  can,  in  turn,  out- 
maneuver  the  LNG. 

Even  though  the  LNG  has  the  lar¬ 
gest  turn  radius  it  still  has  a  re¬ 
spectful  maneuvering  capability  for 
die  no-wind  situation. 

For  strong  winds  from  the  beam  the 
maneuverability  of  the  LNG  is 
dramatically  reduced.  The  trim  or 
equilibrium  conditions  for  the  ships 
given  in  Table  B-2  were  determined 
for  a  wind/ship  speed  ratio  of  1 3  and 
with  the  wind  blowing  from  an  ab¬ 
solute  direction  of  90®.  The  table 
illustrates  the  rudder  reversal  re¬ 
quired  by  the  LNG  for  this  wind 
condition  and  shows  the  excessive 
sideslip  angle  (20.8°)  needed  for 
trim. 

All  three  ships  were  initialized  with 
the  above  trim  conditions,  then 
variations  over  the  entire  range  of 
possible  rudder  commands  (-39°  <  6 
<_  33°)  were  used  to  simulate  tfieir 
range  of  maneuverability.  As  seen 


in  Figure  B-10  both  die  30,000  DVT 
and  10,000  DVT  tantoers  have  no 
problem  maneuvering  either  into  or 
away  from  the  wind  with  even  mod¬ 
erate  levels  of  rudder  command.  In 
comparison,  the  LNG  has  extremely 
little  capability  to  "come  up  into  the 
wind"  and  only  limited  ability  to  even 
turn  away. 

Therefore,  pilots  are  expected  to  have 
severe  handling  problems  when  man¬ 
euvering  the  LNG  in  strong  winds  with 
only  rudder  commands.  This  situation 
led  to  investigating  the  potential  of 
using  a  kick  rudder  command  to  im¬ 
prove  the  *LNG  maneuverability.  A 
series  of  kick  rudder  maneuvers  were 
executed  starting  from  the  trimmed 
conditions  for  the  beam  wind  given  in 
Table  B-l.  At  the  point  of  control 
initiation  the  rudder  was  commanded 
to  hard  over  starboard  (6  =  -35°)  while 
the  propeller  revolutions  were 
increased  above  the  trim  value  there¬ 
by  improving  the  rudder  effectiveness. 
The  improved  LNG  maneuverability 
using  kick  rudder  is  shown  in  Figure  Bi¬ 
ll  for  various  levels  of  propeller  rpm 
and  in  particular  for  N  *  70  rpm 


TABLE  B-2  TRIM  CONDITIONS 


Ua  *  65  knots,  UQ  =  5  knots 
^A  *  90°,  Course-Made-Good  =  0° 


Figure  B-10 


Maneuver  Capability 
Initiated  from  a 
Beam  Wind  Condition 


a 


the  kick  rudder  affords  the  LNG 
comparable  turning  performance  to 
the  no-wind  case  of  Figure  B-9. 

In  conclusion,  it  has  been  shown  that 
the  LNG  is  less  maneuver  ale  than 
the  80,000  DWT  tanker  which  in 
turn  is  worse  than  the  30,000  DVT 
tanker  for  no-wind  situations.  When 
the  LNG  is  operated  in  strong  winds 
from  the  beam  it  exhibits  extremely 
limited  turning  capability  for  rud 
der-only  commands  and  must  rely  on 
a  kick  rudder  maneuver.  This  man¬ 
euver  ultimately  reduces  the 
wind/ship  speed  ratio  which  in  itself 
increases  the  LNG's  turning 
performance. 


Figure  B~ll  LNG  Carrier  Maneuvering 
Capability  Initiated 
from  a  Beam  Wind  Using 
Kick  Rudder 
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The  experiment  design  was  structured 
around  three  principal  independent 
variables: 

A)  Ship  Type 

1)  125,000  m3  LNG  carrier 

2)  SO, 000  DWT  tanker 

3)  30,000  DVT  tanker 

B)  Wind  Ratio 

1)  8:1 

2)  10:1 

3)  13:1 

C)  Wind  Side 

1)  Port 

2)  Starboard 

These  variables  were  combined  in  a 
completely  factorial,  mixed  design 
arrangement  (Table  C-l).  In  the 
mixed  design  model  Sig  (A3)  B3  Co 
each  of  the  IS  subjects  was  observed 
under  only  one  of  the  three  levels  of 
the  between-groups  variable  A  (Ship 
Type)  and  under  each  of  the  six  condi¬ 
tions  of  variables  B  (Wind  Ratio)  and  C 
(Wind  Side).  A  total  of  108  runs 
comprised  the  main  experiment. 

The  run  order  matrix  is  shown  in  Table 
C-2.  The  sequence  for  testing  Ship 
Type  was  an  sitemating  one  as  indi¬ 
cated  under  the  Subject  Run  Order 
column^  within  each  level  of  Ship 
Type,  the  order  for  testing  Wind  Ratio 
is  counter-balanced  with  Wind  Side 
alternating  on  each  successive  run. 

Two  sigplemental,  sub-experiments 
were  conducted  as  part  of  the  overall 
investigation.  In  the  first,  Ship  Type 
was  constant,  utilizing  only  the  80,000 
DVT  tanker,  while  Bank  Effects  (Vari¬ 


able  P),  Wind  Ratio  (V viable  B)  and 
Wind  Side  (Variable  C)  were  experi¬ 
mental  variables.  The  experimental 
design  far  this  study  is  shown  in  Table 
C-3  as  a  three-factor  mixed  design 
with  Bank  Effects  as  the  between- 
groups  variable  and  with  Wind  Ratio 
and  Wind  Side  as  within-subjects  vari¬ 
ables.  Seventy-two  runs  comprised 
this  sub-experiment  with  half  in  each 
bank  effect  condition.  No  attempt 
was  made  to  counterbalance  the  bank 
effects  factor  since  the  six  subjects 
participating  in  the  no-banks  condition 
were  run  in  an  unstructured  random 
manner. 

In  the  second  sub-experiment.  Pilot 
Experience  Group  (Variable  E),  Wind 
Ratio  (Variable  B)  and  Wind  Side  (Vari¬ 
able  C)  were  experimental  variables 
while  Slip  Type  was  equally  repre¬ 
sented  for  both  Experience-  Groups 
and,  therefore,  not  treated  as  an  ex¬ 
perimental  variable.  The  experiment 
design  for  this  study  is  shown  in  Table 
C-%  as  a  three  factor  mixed  design 
with  Pilot  Experience  Group  as  the 
between-groups  factor  and  with  Wind 
Ratio  and  Wind  Side  as  within-subjects 
variables.  Since  this  sub-experiment 
used  data  from  the  main  experiment 
no  additional  counterbalancing  of  run 
sequence  was  necessary. 


Data  Amdysas 

Throughout  this  section  frequent 
reference  is  made  to  the  "probability" 
or  "level  of  significance"  associated 
with  specific  resiits  of  statistical 
analyses.  The  reported  probability 
value  (p)  represents  the  likelihood  that 


results  as  large  or  larger  than  those 
obtained  In  the  experiment  data  could 
be  due  to  random  or  chance  factors 
outside  the  scope  of  the  investigation. 
For  example,  If  one  were  comparing 
two  sample  statistics,  e.g.,  means,  and 
reported  that  the  means  dUfered  sig¬ 
nificantly  from  one  another  at  the  p  <. 
0.05  level  of  significance,  there  is  a 
probability  of  no  greater  than  0.05 
that  the  observed  difference  was  due 
to  chance  variation.  Therefore,  there 
is  a  0.95  probability  that  the  differ¬ 
ence  observed  in  the  sample  reflects  a 
difference  attributable  to  some  sys¬ 
tematic  influence,  i.e.,  a  factor  sys¬ 
tematically  manipulated  in  the  experi¬ 
ment.  Such  differences  are  referred 
to  as  "statistically  significant." 

Data  analyses  of  the  performance 
measures  that  are  discussed  in  this 
report  utilized  the  analysis  of  variance 
(ANOVA)  technique. 

Five  different  ANOVA  models  were 
used  for  data  analyses  purposes  in  this 
investigation: 

1.  The  ANOVA  model  outlined  in 
Table  C-5  enabled  significance 
determinations  for  effects  of 
Ship  Type  (Variable  A),  Wind 
Ratio  (Variable  B),  Wind  Side 
(Variable  C),  and  all  possible 
interactions  of  these  factors. 
These  are  the  primary  variables 
examined  in  the  study  and, 
therefore,  this  can  be  considered 
the  "Main  Analyses". 

2.  The  ANOVA  model  outlined  in 
Table  C-6  enabled  significance 
determinations  for  Bank  Effects 
(Variable  F),  Wind  Ratio  (Vari¬ 
able  B),  Wind  Side  (Variable  C), 
and  all  possible  interactions  of 
these  factors.  There  is  redun¬ 
dancy  in  this  ANOVA  model  and 
the  "Main  Analyses"  for  the  Wind 
Ratio  and  Wind  Side  factors. 


The  Bank  Effects  factor  and  its 
interactions  are  the  primary 
concern  of  the  analysis  and  it  is 
referred  to  as  the  "Bank-No 
Bank  Analyses." 

3.  A  comparison  of  ship  control 
performance  in  two  sections  of 
the  test  channel,  Sections  1  and 
5,  form  the  basis  of  the  "Channel 
Width  Analyses".  The  ANOVA 
model  used  in  this  analysis 
(Table  C-7)  enabled  significance 
determinations  for  Channel 
Width  (Variable  D)  and  all  possi¬ 
ble  interactions  of  this  factor 
with  Ship  Type  (Variable  A), 
Wind  Ratio  (Variable  B)  and  Wind 
Side  (Variable  C). 

4.  A  comparison  was  conducted  to 
evaluate  "Pilot  Experience 
Group"  (Variable  E)  and  its  inter¬ 
active  effects  with  Wind  Ratio 
(Variable  B)  and  Wind  Side  (Vari¬ 
able  C).  The  ANOVA  model  used 
for  this  analysis  is  outlined  in 
Table  C-S. 

5.  The  final  ANOVA  model  used  in 
this  investigation  is  outlined  in 
Table  C-9.  It  enabled  a  direct 
comparison  to  be  drawn  between 
ship  control  performance  in  two 
test  channel  sections,  Sections  2 
and  8,  constituting  a  "Rudder 
Effect  Analyses,"  as  well  as 
tests  of  the  interactive  effects 
of  this  factor  with  Ship  Type 
(Variable  A),  Wind  Ratio  (Vari¬ 
able  B)  and  Wind  Side  (Variahle 
C). 


Performance  Meastres 

Seven  performance  measures  were 
assessed  via  the  Analysis  of  Variance 
in  this  experiment: 

1)  Absolute  Magnitude  Off-Track 


deviation 

2)  "Factored"  Off-Track  Deviation 

3)  Consistency 

4)  Boundary  Penetrations 

5)  Ship  Speed 

6)  Rudder  Angle 

7)  Zero  Rudder  Crossings 

In  all  cases  the  measures  were  com¬ 
puted  across  either  five  sections  of 
the  test  channel  (Legs  1-3)  excluding 
the  turn  and  transition  areas*  or  across 
the  five  legs  including  the  turn  area. 
This  is  duly  noted  in  the  tabular 
presentation  of  the  data  analyses. 
Two  of  the  seven  performance 
measures*  Boundary  Penetrations  and 
Zero  Rudder  Crossings  were  trans¬ 
formed  using  a  square  root  transform¬ 
ation  (x*  =n/~5T  +  v^R+T)  and  a  logar¬ 
ithmic  Transformation  (X^  =  Log  X  + 
Log  X  +  1),  respectively*  prior  to 
application  of  the  Analysis  of  Vari¬ 
ance.  These  transformations  were 
chosen  based  on  observed  relationships 
between  treatment  condition  means 
and  variances  within  these  measures; 
tabular  presentation  of  both  measures 
is*  however,  in  non-transformed  form* 
in  the  interest  of  clarity  of  inter¬ 
pretation. 


"Main"  Analyses 

An  ANOVA  was  performed  for  each  of 
the  seven  performance  measures  using 
the  "Main"  analyses  model  (Table 
C-5).  The  results  of  these  analyses 
are  presented  in  Tables  C-10  through 
C-16.  A  three-way  interaction 
between  the  treatment  conditions, 
Ship  Type  (A),  Wind  Ratio  (B),  and 
Wind  Side  (C)  is  the  highest  order 
interaction  possible  in  the  analysis 
model.  The  analyses  revealed  signi¬ 
ficant  three-way  interactions  for  five 
of  the  performance  measures,  t  here¬ 
fore,  ail  other  signh  ant  off'  >  for 
these  measures  must  we  as.  *ed  in 
the  context  of  the  thr«e-way  inter¬ 


actions.  For  the  two  performance 
measures  not  indicating  a  significant 
three-way  interaction  (Rudder  Angle 
and  Zero  Rudder  Crossings),  the  inter¬ 
pretation  of  the  lower  order  interac¬ 
tions  and  main  effects  is  less  complex. 

For  each  of  the  seven  performance 
measures  mean  values  are  presented 
for  each  of  the  three  main  effects* 
Ship  Type  (Table  C-17),  Wind  Ratio 
(Table  C-18),  and  Wind  Side  (Table 
C-19).  The  main  effects  from  the 
analyses  of  variance  as  well  as  the 
comparisons  among  means  are  noted 
as  to  their  level  of  significance  (e.g.* 
0.03,  0.01),  or  non-significance  (ns). 

Interaction  effects  are  illustrated  by 
presenting  peformance  measure  means 
for  all  possible  combinations  of  treat¬ 
ment  levels.  In  each  are  the  interac¬ 
tion  significance  level  as  presented  as 
well  as  significance  values  for  all 
comparisons  (simple  main  effects) 
within  each  interaction. 

Absolute  Magnitude  Off-Track  Devia¬ 
tion  -  The  ANOVA  performed  on  this 
performance  measure  (Table  C-10) 
revealed  significant  main  effects  for 
each  treatment  variable  and  a  signifi¬ 
cant  three-way  interaction  among  the 
three  treatment  variables.  The  main 
effects  must  therefore  be  interpreted 
in  the  context  of  this  interaction. 
Table  C-20  presents  the  analysis  of 
the  simple  main  effects  in  the  inter¬ 
action. 

The  absolute  magnitude  off-track 
deviation  was  largest  for  .the  LNG 
carrier  as  compared  to  the  tankers 
(which  did  not  differ  from  one 
another)  in  all  cases  except  the  13:1 
wind  ratio/port  side.  Differences 
between  the  three  wind  ratios 
occurred  only  in  three  instances:  for 
the  LNG  carrier  in  both  port  and  star¬ 
board  winds,  and  for  the  30,000  DWT 
tanker  in  only  the  port  wind.  Differ- 


ences  between  the  port  and  starboard 
winds  were  observed  for  the  LNG 
carrier  in  the  lOtl  wind  ratio,  the 
80,000  DWT  tanker  for  the  8:1  wind 
ratio  and  the  30,000  DWT  tanker  for 
both  the  10:1  and  13:1  wind  ratios. 

"Factor e<F  Off-Track  Deviation  -The 
ANOVA  performed  on  this  perform¬ 
ance  (Table  C-ll)  revealed  significant 
main 'effects  for  each  of  the  three 
treatment  variables,  significant  two- 
way  interactions  for  Ship  Type  by 
Wind  Ratio  (Table  C-21)  and  Wind 
Ratio  by  Wind  Side  (Table  C-22).  The 
presence  of  a  significant  three-way 
interaction  (Table  C-23)  precludes 
independent  discussion  of  the  main 
effects  and  the  lower  order  two-way 
interactions,  ail  of  which  are  con¬ 
tained  in  the  three-way  interaction. 

As  with  Absolute  Magnitude  Off-Track 
Deviation,  "Factored'  Off-Track 
Deviation  was  larger  for  the  LNG 
carrier  than  for  the  tankers  in  all 
treatment  conditions.  The  tankers  did 
not  differ  from  one  another  except  in 
the  13:1  port  side  wind  ratio.  Differ¬ 
ences  between  the  three  wind  ratios 
were  observed  only  for  the  LNG 
carrier  and  the  30,000  DWT  tanker  and 
a  wind  side  difference  was  observed 
only  for  the  LNG  carrier  in  the  10:1 
wind  ratio. 

Consistency  -  The  ANOVA  performed 
on  the  Consistency  Measure  (Table 
C-12)  revealed  significant  main 
effects  for  the  Ship  Type  and  Wind 
Ratio  variables  and  significant  inter¬ 
actions  for  Ship  Type  by  Wind  Ratio 
(Table  C-24),  Wind  Ratio  by  Wind  Side 
(Table  C-25),  and  Ship  Type  by  Wind 
Ratio  by  Wind  Side  (Table  C-26). 

Detailed  analysis  of  the  three-way 
interaction  (Table  C-26)  indicates  a 
greater  degree  of  inconsistency  in  the 
LNG  carrier  performance  than  in  the 
tanker  performance  under  all  condi¬ 


tions.  The  30,000  DWT  tanker  showed 
some  indteation  of  greater  inconsis¬ 
tency  compared  to  the  80,000  DWT 
tanker  in  the  conditions  of  13:1  wind 
ratio  and  10:1  port  wind  ratio.  Differ¬ 
ences  in  consistency  between  wind 
ratio  conditions  is  evident  primarily 
for  the  LNG  carrier  and  in  the  port 
wind  for  the  30,000  DWT  tanker.  A 
difference  between  the  port  and  star¬ 
board  wind  is  indicated  only  for  the 
LNG  carrier  in  the  10:1  wind  ratio. 

Bouidary  Penetrations  -  The  ANOVA 
performed  on  this  performance  mea¬ 
sure  revealed  significant  main  effects 
for  each  treatment  variable  and  a  sig¬ 
nificant  three-way  interaction  among 
these  variables  (Table  C-13). 

The  analysis  of  the  three-way  inter¬ 
action  (Table  C-27)  revealed  findings 
almost  identical  to  those  for  the  Con¬ 
sistency  Measure.  A  greater  number 
of  boundary  penetrations  occurred  for 
the  LNG  carrier  as  compared  to  the 
tankers  in  all  conditions  of  the  experi¬ 
ment.  Differences  in  this  measure  due 
to  wind  ratio  variations  occurred  pri¬ 
marily  in  the  LNG  carrier  and  to  a 
lesser  extent  in  the  30,000  DWT 
tanker.  Differences  due  to  wind  side 
variation  also  were  limited  to  these 
ships. 

Ship  Speed  -  The  ANOVA  performed 
on  Ship  Speed  revealed  that  each  main 
effect  and  each  interaction  was  signi¬ 
ficant  (Tables  C-14,  C-28,  C-29, 
C-30).  In  this  case  the  description  of 
the  three-way  interaction  subsumes  all 
others. 

The  analysis  of  the  three-way  inter¬ 
action  (Table  C-31)  indicates  that 
speed  was  greater  for  the  LNG  carrier 
than  either  of  the  tankers  in  all  exper¬ 
iment  conditions.  Wind  ratio  influ¬ 
ences  on  speed  occurred  primarily  for 
the  LNG  carrier  as  was  also  the  case 
for  wind  side  influences.  Increases  in 


wind  ratio  caused  increases  in  the 
LNG  carrier  speed. 

Rudder  Angle  -  The  ANOVA  per¬ 
formed  on  Rudder  Angle  indicated 
significant  main  effects  for  the  three 
treatment  variables,  Ship  Type,  Wind 
Ratio,  and  Wind  Side;  also  a  signifi¬ 
cant  Ship  Type  by  Wind  Ratio  inter¬ 
action  (Table  C-15). 

The  main  effect  for  wind  side  indi¬ 
cates  that  greater  mean  rudder  angle 
was  employed  in  the  port  wind  than  in 
the  starboard  wind.  The  other  main 
effects  must  be  interpreted  in  the 
context  of  the  Ship  Type  by  Wind 
Ratio  interaction  (Table  C-32).  Rud¬ 
der  angle  differed  generally  among  the 
three  ship  types  with  greatest  mean 
angle  used  for  the  80,000  DWT  tanker 
and  least  for  the  30,000  DWT  tanker. 
An  exception  to  this  trend  is  evident 
for  the  8:1  wind  ratio  condition  in 
which  the  greatest  mean  rudder  angle 
was  used  for  the  LNG  carrier.  As 
wind  ratio  increased  greater  rudder 
angle  was  employed  but  only  for  the 
30,000  DWT  and  80,000  DWT  tankers. 

Zero  Rudder  Crossing  -  The  ANOVA 
performed  on  this  measure  indicated 
that  only  the  Wind  Ratio  main  effect 
was  significant  (Table  C-16)  with  a 
greater  number  of  zero  rudder  cross¬ 
ings  evident  for  the  13:1  wind  ratio  as 
compared  to  the  other  two  wind 
ratios. 


Bank  Effects  Analyses 

An  ANOVA  was  performed  for  each  of 
the  seven  performance  measures  using 
the  "Bank/No-Bank"  analyses  model 
(Table  C-6).  The  results  of  these 
analyses  are  presented  in  Tables  C-33 
through  C-39.  The  Bank  Effects  vari¬ 
able  (F)  and  its  interactions  with  the 
Wind  Ratio  (B)  and  Wind  Side  (C)  vari¬ 
ables  are  the  primary  concern  of  the 


analysis,  therefore,  description  of  the 
resiits  will  focus  on  these  factors. 

For  each  of  the  seven  performance 
measures,  mean  values  are  presented 
for  the  Bank  Effects  variable  in  Table 
C-40.  Bank  effect  influences  and 
interactions  involving  the  Bank 
Effects  variable  were  found  to  be  non¬ 
significant  in  three  performance  mea¬ 
sures,  Absolute  Magnitude  Off-Track 
Deviation,  Consistency,  and  Zero  Rud¬ 
der  Crossings.  Ship  speed  was  found 
to  differ  significantly  with  greeter 
speed  employed  in  the  presence  of 
bank  effects  (Table  C-40).  Significant 
interactions  between  the  Bank  Effects 
and  Wind  Ratio  variables  were  found 
for  "Factored1  Off-Track  Deviation 
(Table  C-tl)  and  for  Rudder  An0e 
(Table  C-42).  In  both  performance 
measures,  differential  effects  of  banks 
are  evident  only  for  the  13:1  wind 
ratio.  A  three-way  interaction  was 
found  for  Boundary  Penetrations  pre¬ 
sented  in  Table  C-43. 


Channel  Width  Analyses 

An  ANOVA  was  performed  for  each  of 
the  seven  performance  measures  using 
the  "Channel  Width"  analysis  model 
(Table  C-7).  The  results  of  these 
analyses  are  presented  in  Tables  C-44 
through  C-50.  The  Channel  Width 
variable  (D)  and  its  interaction  with 
the  variables  of  Ship  Type  (A),  Wind 
Ratio  (B),  and  Wind  Side  (C)  are  the 
primary  concern  of  these  analyses, 
therefore,  description  of  the  results 
will  focus  on  these  factors. 

Main  values  for  each  of  the  seven 
performance  measures  for  the  Channel 
Width  variable  are  presented  in  Table 
C-51.  Interactions  between  the 
Channel  Width  variable  and  other  vari¬ 
ables  are  presented  in  Tables  C-52 
through  C-65. 


An  ANOVA  was  performed  for  each  of 
the  seven  performance  measures  using 
the  "Rudder  Effect"  analysis  model 
(Table  C-9).  The  results  for  these 
analyses  are  presented  in  Tables  C-66 
through  C-72.  The  Rudder  Effect 
Variable  (R)  and  its  interactions  with 
the  variables  of  Ship  Type  (A),  Wind 
Ratio  (B),  and  Wind  Side  (C)  are  the 
primary  concern  of  these  analyses  and 
are  presented  in  Tables  C-73  through 
C-95. 


Pilot  Experience  Group  Analyses 

An  ANOVA  was  performed  for  four  of 
the  performance  measures  using  the 
"Pilot  Experience  Group"  analysis 
model  (Table  C-8).  The  results  of 
these  analyses  are  presented  in  Tables 
C-96  through  C-99.  The  main  effect 
for  Pilot  Experience  Group  and  its 
interaction  with  the  Wind  Ratio  (B) 
and  Wind  Side  (C)  variables  are  pre¬ 
sented  in  Tables  C-100  and  C-101. 


In  research  one  is  frequently  inter¬ 
ested  in  drawing  inferences  about  pop¬ 
ulation  parameters  when  only  sample 
statistics  are  available.  A  technique 
useful  for  this  purpose  is  the  gener¬ 
ation  of  confidence  intervals. 

When  a  sample  statistic  is  computed, 
e.g.,  a  sample  mean  (£)»  a  confidence 
interval  can  be  calculated  around  this 
mean.  The  confidence  interval  is  a 
prediction  of  the  limits  within  which 
the  actual  population  parameter 
(mean,  y)  is  likely  to  fall.  Further¬ 
more  it  is  stated  probabilistically,  re¬ 
flecting  the  degree  of  certainty  in  the 
prediction,  e.g.,  90%  or  93%  certainty 
or  confidence. 

Ninety  percent  confidence  intervals 
were  computed  for  both  the  mean  and 
standard  deviation  for  the  Absolute 
Magnitude  Off-Track  Deviation  and 
the  Consistency  measures  (Table 
C-102).  The  procedures  used  are 
described  in  Snedecor  and  Cochran, 
1967. 


Subject 

Run 

Order 


Uil  Rate 


A  (Ship  Type) 
5(A) 

B  (Wind  Ratio) 
C  (Wind  Side) 


SSa/*A 

MSa/«*Ss(A) 

SSStAy^SCA) 

— 

SSB/dfa 

MSb/MSs(a)B 

SSc/dfC 

MSc/MSs(a)C 

ssab/<**ab 

MSAB/MSs(A)B 

SSac/^AC 

MSac/MSs(a)C 

SSbc/^BC 

MSbc/MSsO^bc 

SSABC/^ABC 

MSABC/MSst^BC 

ssS(A)b/<«S(A)B 

— 

SSs(A)c/<ffS(A)C 

— 

SSs(A)BC/«S(A)BC 

— 

TOTAL 


TABLE  C-6.  AHALYSES  OF  VARIANCE  SOURCE  TABLE 
ANOVA  MODEL  #2,  "BANK  EFFECTS  ANALYSE?* 


Source  of  Variance 

df 

Mean  Squares 

F 

F  (Bank  Effects) 

1 

SSp/dfp 

MSp/MSsd) 

S(F) 

10 

SSs(F)/<*S(F) 

— 

B  (Wind  Ratio) 

2 

SSe/dfB 

MSb/MSs(P)b 

C  (Wind  Side) 

1 

SSc/dfc 

MSc/MSs(p)c 

FB 

2 

SSpg/dfpg 

MSfb/MSs(f)b 

FC 

1 

SSpc/dfpc 

MSFc/MSs(F)C 

BC 

2 

SSbc/^BC 

MSbc/MSs(f)bc 

FBC 

2 

SSfbc/^FBC 

MSpBc/MS^pJec 

S(F)B 

20 

SSs(F)B/dfs(F)B 

- 

S(F)C 

10 

SSs(PX:/<tfs(F)C 

- 

S(F)BC 

20 

ssS(F)BC/dfS(F)BC 

— 

TOTAL 


71 


»A/«A 

»c/«c 

«0/«D 

®AC/*AC 

ssad/^ad 


S8BO/4IBD 


SSabc/«aBC 

SSabo/^ABO 

5SaCD/<*ACD 

SSbco/<>BCD 

»abcd/*abcd 

»S(A)/<«S(A) 

SSS(A)B/*S(A)B 

ssstAXr/^sCAK: 

SSs(A)d/^S(A)0 

SSs(A)BC/*S(A)BC 

SSs(A)BD/<*S(A)BD 

SSs(A)CD/^S(A)CD 

SSS(A)BCD/dlS<A)BCD 


HSc/MS  Error  5 


MS ab/MS  Error  2 
MSac/MS  Error  3 
MSao/MS  Error  « 
MStc/MS  Error  5 
MSbq/MS  Error  C 
MScd/MS  Error  7 
MSABC/MS  Error  5 
MSaBO/MS  Error  6 
MSacd/MS  Error  7 
MSbqq/MS  Error  S 
msABCD/ms  Error  S 


3 


MSg/MSgE) 


E  (Experience  Group) 

1 

»E/*E 

S(E) 

10 

SS$(El/<*S(E) 

B  (Wind  Ratio) 

2 

SSg/dfg 

C  (Wind  Side) 

1 

SSc/«Ec 

EB 

2 

SSeb/<EeB 

EC 

i 

SSbc/0*EC 

BC 

2 

SSbc/<HbC 

EBC 

2 

SSebc/^EBC 

S(E)B 

20 

SSs(E)B/<tfS(E)B 

S(E)C 

10 

SSs(E)c/<«S(E)C 

S(E)BC 

20 

SSs(E)BC/<tfs(E)BC 

msb/wsscejb 

MSc/MSs(e)C 

MSeb/MSs(e)B 

MSec/MSs(e)C 

MSbc/MS^ejbc 

MSEBC/MSs(E)BC 


TABLE  0*9. 


Source  of  Varknee 

dl 

F 

A  (Ship  Type) 

2 

»a/«a 

MSa/MS  Error  1 

B  (Wind  Ratio) 

2 

sv«b 

MSg/IIS  Error  2 

C  (Wind  Side) 

1 

SSc/dfc 

MSc/MS  Error  3 

R  (Rudder  Effect) 

1 

SSr/<*R 

MSr/MS  Error  4 

AB 

4 

SSab/^AB 

MS ab/MS  Error  2 

AC 

2 

“ac/^ac 

MSAc/MS  Error  3 

AR 

2 

SSar/^AR 

-  MSar/MS  Error  4 

BC 

2 

SSac/dfBC 

MSbc/MS  Error  3 

BR 

2 

SSbr/<*BR 

MSbr/MS  Error  6 

CR 

1 

SScr/^CR 

MScr/MS  Error  7 

ABC 

4 

ssabcMabc 

MSabc/MS  Error  3 

ABR 

4 

ssabr/^abr 

MSaBR/MS  Error  6 

ACR 

2 

SSACR/^ACR 

MSacr/MS  Error  7 

BCR 

2 

SSbcr/^BCR 

MSbcr/MS  Error  8 

ABCR 

4 

SSABCR/^ABCR 

MSabCR/MS  Error  8 

S(A)  Error  1 

13 

ssS(A)/dfS(A) 

— 

S(A)B  Error  2 

30 

ssS(A)B/‘tfS(A)B 

— 

S(A)C  Error  3 

13 

ssS(A)c/dfS(A)C 

— 

S(A)R  Error  4 

13 

^AjR/^StAHl 

— 

S(A)BC  Error  3 

30 

SSS(A)BC/<«S(A)BC 

— 

S(A)BR  Error  6 

30 

SSS(A)BR/<“S(A)BR 

— 

S(A)CR  Error  7 

13 

SSs(A)CR/<Ks(A)CR 

— 

S(A)BCR  Error  8 

TOTAL 

30 

213 

ssS(A)BCR/<tfS(A)BCR 

— 

C-15 


TABLE  C-MX.  "MAM  ANALYSES”  SOURCE  TABLE*  ABSOLUTE  MAGNITUDE 

OFF-TRACK  DEVIATION  (LEGS  1-5) 


TABLE  C-1L  “MAM  ANALYSES*  SOURCE  TABLE, 

"PACTO KBDF  (fP-tRAGX  DEVIATKlff  (LEGS  1-5) 

Sevceef  VvftMce  41  Hw  Stparci  P  P 


A  (Ship  Type) 

2 

5,107,150.00 

67.40 

<  a  ooi 

S(A) 

15 

75,775. 19 

- 

- 

B  (Wind  Ratio) 

2 

1,147,785.00 

46.32 

<  0.001 

C  (Wind  Side) 

i 

252,898.50 

6.10 

<  0.05 

AB 

4 

283,053.20 

11.42 

<  0.001 

AC 

2 

126,610.20 

3.05 

ns 

BC 

2 

79,936.25 

6.74 

<  0.01 

ABC 

4 

96,033.75 

8.09 

<  0UDO1 

S(A)B 

30 

24,778.73 

Mi 

- 

S(A)C 

15 

41,466.23 

- 

S(A)BC 

30 

11,867.79 

- 

- 

TOTAL 

107 

C-17 


TABLE  C-I2.  "MAM  ANALYSES”  SOURCE  TABLE, 
CONSISTENCY  (LEGS  1-5  PLUS  TURN) 

Source  of  Vviance  df  Mem  Squares  F 


A  (Ship  Type) 

2 

♦9,987.59 

♦1.52 

5(A) 

15 

1,203.99 

- 

B  (Wind  Ratio) 

2 

6,007.45 

14.97 

C  (Wind  Side) 

1 

35.59 

0.08 

-Xi  W <££•*& v :.  •:'.».•,?■■■ <u‘-  V  -.-  -  • 


TABLE  C-13L  "MAIN  ANALYSES”  SOURCE  TABLE, 
BOUNDARY  PENETRATIONS  (LEGS  1-5) 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

61.74 

48. 10 

<  0.001 

S(A) 

15 

1.2S 

- 

- 

B  (Wind  Ratio) 

2 

4.22 

7.52 

<  0.01 

C  (Wind  Side) 

1 

4. 71 

6.02 

<  0.05 

AB 

4 

0. 57 

1.01 

ns 

AC 

2 

0.38 

0.48 

ns 

BC 

2 

1.04 

2.81 

ns 

ABC 

4 

1.56 

4.25 

<  0.01 

S(A)B 

30 

0.56 

- 

- 

S(A)C 

15 

0.78 

- 

- 

S(A)BC 

30 

0.37 

- 

m 

TOTAL 

107 

TABLE  C-15.  "MAM  ANALYSES"  SOURCE  TABLE, 
RUDDER  ANGLE  (LEGS  1-5) 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

20,203.78 

50.01 

<  0.001 

S(A) 

15 

403.97 

- 

- 

B  (Wind  Ratio) 

2 

8,874.00 

43.62 

<  0.001 

C  (Wind  Side) 

1 

1,720. 91 

20.11 

<  0.001 

AB 

4 

2,125.61 

10.45 

<  0.001 

AC 

2 

258.49 

3.02 

ns 

BC 

2 

21.57 

0.27 

ns 

ABC 

4 

104. 15 

1.28 

ns 

S(A)B 

30 

203.45 

- 

- 

S(A)C 

15 

85.56 

- 

- 

S(A)BC 

30 

81.19 

TOTAL 


107 


TABLE  C-16.  "MAIN  ANALYSES"  SOURCE  TABLE, 
ZERO  RUDDER  CROSSINGS  (LEGS  1-5  PLUS  TURN) 


Source  of  Variance 

df 

Mean  Squares 

F 

A  (Ship  Type) 

2 

0.47 

2.01 

S(A) 

15 

0.23 

- 

B  (Wind  Ratio) 

2 

0.11 

10.03 

C  (Wind  Side) 

1 

0.00017 

0.009 

AB 

4 

0.02 

1.36 

AC 

2 

0.07 

3.56 

BC 

2 

0.06 

2.04 

ABC 

4 

0.03 

0.96 

S(A)B 

30 

0.01 

- 

S(A)C 

15 

0.02 

- 

S(A)BC 

30 

0.03 

• 

TOTAL 


107 


TABLE  C-H  RELATIONSHIP  AMONG  MEANS  FOR  YIND  RATIO  (B)  BY  PEI 


3T'253E 


TABLE  C-1%  RELATIONS!**  AMONG  MEANS  FORWMDSDE 40 
BY  PERFORMANCE  MEASURE 


MMa  Effect 


Performance  Meaeire 

Starboard 

Part 

p  Value 

Absolute  Magnitude 
Off-Track  Deviation 
(Feet) 

S3. 00 

124.00 

0.001 

"Factored"  Off-Track 
Deviation  (Feet) 

63.00 

82.00 

0.05 

"Consistency"  (Feet) 

109.04 

110.19 

ns 

Boundary  Penetrations 
(Frequency) 

0.98 

1.52 

0.05 

Ship  Speed  (Kt) 

6.70 

5.90 

0.01 

Rudder  Angie  (Degrees) 

16.00 

18.00 

0.001 

Zero  Rudder  Crossings 

13.96 

14.15 

ns 

(Frequency) 


C-25 


TABLE  C-23.  RELATIONSHIP  AMONG  MEANS  FOR  SMP  TYPE  (A)  BY  WIND  RATIO  (B> 


C-30 


TABLE  C-30.  RELATIONSHIP  AMONG  MEANS  FOR  SHIP  TYPE  (A)  BY  SIDE  (C)  FOR  SHIP  SPEED 


p  <  0.05  **  p  <  0.01 


w. 


TABLE  C-34.  "BANK  EFFECTS  ANALYSES”  SOURCE  TABLE, 
"FACTORED"  OFF-TRACK  DEVIATION  (LEGS  1-5) 


Source  of  Variance 

<K 

Mean  Squares 

F 

P 

F  (Bank  Effects) 

1 

124,517.70 

8.37 

<  0.05 

S(F) 

10 

14,870.20 

- 

- 

B  (Wind  Ratio) 

2 

233,631.70 

26.48 

<  0.001 

C  (Wind  Side) 

1 

9,706.80 

0.91 

ns 

FB 

2 

45,620.03 

5.17 

<  0.05 

FC 

1 

13,746.70 

1.29 

ns 

BC 

2 

1,311.72 

0.25 

ns 

FBC 

2 

9,407. 52 

1.79 

ns 

S(F)B 

20 

8,823.61 

«■» 

• 

S(F)C 

10 

10,616.77 

S(F)BC 

TOTAL 

20 

71 

5,247.43 

m 

- 

I 


TABLE  C-3&  "BANK  EFFECTS  ANALYSES"  SOURCE  TABLE, 
BOUNDARY  PENETRATIONS  (LEGS  1-5) 


Source  of  Variance 

df 

Alean  Squares 

F 

F  (Bank  Effects) 

1 

3.95 

5.99 

S(F) 

10 

0.66 

- 

B  (Wind  Ratio) 

2 

1.02 

2.91 

C  (Wind  Side) 

1 

0.03 

0.03 

FB 

2 

0.07 

0.20 

FC 

1 

0.38 

0.41 

BC 

2 

0. 95 

2.28 

FBC 

2 

1.86 

4.48 

S(F)B 

20 

0.35 

- 

S(F)C 

10 

0.92 

- 

S(F)BC 

20 

0.41 

- 

TOTAL 


71 


S' 


I 

V 

0 

■4 

» 

m 

\ 


I 

f 

! 


TABLE  C-37.  -BANK  EFFECTS  ANALYSES”  SOURCE  TABLE, 
SMP  SPEED  OLEGS  1-5) 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

F  (Bank  Effects) 

1 

63.96 

8.95 

<  ao5 

S(F) 

10 

7.14 

- 

- 

B  (Wind  Ratio) 

2 

240.70 

36.40 

<  a ooi 

C  (Wind  Side) 

1 

3.58 

3.42 

ns 

FB 

2 

9.04 

1.37 

ns 

FC 

1 

1.82 

1.74 

ns 

BC 

2 

1.28 

0.41 

ns 

FBC 

2 

4.87 

1.58 

ns 

S(F)B 

20 

6.61 

- 

m 

S(F)C 

10 

1.05 

- 

mr 

S(F)BC 

20 

3.08 

- 

- 

TOTAL 

71 

t 

r 

I; 

► 

v 

r 

V 

k 


C-43 
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TABLE  C-3R  "BANK  EFFECTS  ANALYSES"  SOURCE  TABLE, 
RUDDER  ANGLE  (LEGS  1-5) 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

F  (Bank  Effects) 

1 

396. 12 

0.88 

- 

S(F) 

10 

451.66 

- 

- 

B  (Wind  Ratio) 

2 

17,508.85 

95. 48 

<  0.001 

C  (Wind  Side) 

1 

188.84 

3.30 

ns 

FB 

2 

911.98 

4.97 

<  0.05 

FC 

1 

202. 02 

3. 53 

ns 

BC 

2 

49.37 

0.77 

ns 

FBC 

2 

142. 93 

2.22 

ns 

S(F)B 

20 

183.37 

- 

- 

S(F)C 

10 

57.22 

- 

- 

S(F)BC 

20 

64. 42 

• 

TOTAL 


71 


TABLE  C-39L  "BANK  EFFECTS  ANALYSES*  SOURCE  TABLE, 
ZERO  RUDDER  CROSSINGS  CLEGS  1-5  PLUS  TURN) 


Source  of  Variance 

df 

Mean  Squares 

F 

F  (Bank  Effects) 

1 

0.03 

0.14 

S(F) 

10 

0.21 

- 

B  (Wind  Ratio) 

2 

0.04 

1.20 

C  (Wind  Side) 

1 

0.12 

3.16 

FB 

2 

0.002 

0.05 

ns 


FC 


1 


0. 0008 


0.02 


TABLE  C40.  RELATIONSHP  AMONG  MEANS  FOR  BANK  EFFECTS  (F) 


Performance  Measure 

Bank  Effects 

No  Bank 
Effects 

Main  Effect 
p  Value 

Absolute  Magnitude  Off- 
Track  Deviation  (feet) 

80.76 

98.60 

ns 

"Factored"  Off-  Track 
Deviation  (feet) 

22.00 

39.00 

<0. 05 

Consistency  (feet) 

79.81 

97.19 

ns 

Boundary  Penetration 
(frequency) 

0.14 

0.56 

<0. 05 

Ship  Speed  (kt) 

5.90 

5.50 

<0.05 

Rudder  Angle  (degrees) 

20.00 

21.00 

ns 

Zero  Rudder  Crossings 

12.00 

10.58 

ns 

(frequency) 


C-49 


TABLE  C-44.  "CHANNEL  WIDTH  ANALYSES"  SOURCE  TABLE, 
ABSOLUTE  MAGNITUDE  OFF-TRACK  DEVIATION 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

148,854.70 

47.86 

<  a ooi 

B  (Wind  Ratio) 

2 

12,117.62 

7.64 

<  0.01 

C  (Wind  Side) 

1 

24,820.69 

7.64 

<  0.01 

D  (Channel  Width) 

1 

40,215.66 

24.45 

<  0.001 

AB 

4 

4,327.67 

2.73 

<  0.05 

AC 

2 

395. 28 

0.16 

ns 

AD 

2 

43,781.84 

26.62 

<  0.001 

BC 

2 

87.85 

0.12 

ns 

BD 

2 

11,528. 55 

12.60 

<  0.001 

CD 

1 

1,089.03 

0.62 

ns 

ABC 

4 

2,083.80 

2.95 

<  0.05 

ABD 

4 

12,509.31 

13.67 

<  0.001 

ACD 

2 

3,731.86 

2.14 

ns 

BCD 

2 

368.18 

0.50 

ns 

ABCD 

4 

329.84 

0.45 

ns 

S(A)  Error  1 

15 

3,110.42 

- 

- 

S(A)B  Error  2 

30 

1,586.59 

- 

- 

S(A)C  Error  3 

15 

2,417.15 

- 

- 

S(A)D  Error  4 

15 

1,644.66 

- 

- 

S(A)BC  Error  5 

30 

707.09 

- 

- 

S(A)BD  Error  6 

30 

915.30 

- 

- 

S(A)CD  Error  7 

15 

1,744.81 

- 

- 

S(A)BCD  Error  8 

30 

738.27 

TOTAL 


215 


♦15,733. 10 
**,♦92. 19 


88,083.87 

32.842.11 

12.535.11 


<  aooi 


<  a  ooi 

<  aooi 

<  aooi 


5 


<  aooi 


3,720.74 

26,316.84 

3.57 

8.26 

1.15 

5.05 

<  ao5 

<  aoi 

4,869.41 

5,271.06 

ns 

<  ao5 

25,581.34 

8.03 

<  aooi 

714.65 

0.17 

ns 

2,004.75 

0.46 

ns 

1,137.68 

0.26 

ns 

3,215.98 

- 

- 

5,335.15 

- 

- 

2,850.89 

- 

- 

2,838.48 

- 

- 

1,043.15 

- 

- 

3,186.33 

- 

- 

4,248.17 

- 

- 

4,333. 56 

- 

- 

5*SW5* 


-2.^>?*«‘..- 


TABLE  047. 

"CHANNO.  WIDTH  ANALYSES*  SOURCE  TABLE, 
BOUNDARY  PENETRATIONS 

Source  of  Variance 

df 

Mem  Squares 

F 

P 

A  (Ship  Type) 

2 

11.70 

51.96 

<  0.001 

B  (Wind  Ratio) 

2 

0.94 

2.20 

ns 

C  (Wind  Side) 

1 

0.52 

3.36 

ns 

D  (Channel  Width) 

1 

0.11 

1.42 

ns 

AB 

4 

0.94 

2.20 

ns 

AC 

2 

0.52 

3.36 

ns 

AD 

2 

0.11 

1.42 

ns 

BC 

2 

0.13 

2.71 

ns 

BD 

2 

0.73 

9.69 

<  0.001 

CD 

1 

0.18 

1.27 

ns 

ABC 

4 

0.13 

2.71 

ns 

ABD 

4 

0.73 

9.69 

<  0.001 

ACD 

2 

0.18 

1.27 

ns 

BCD 

2 

0.06 

1.22 

ns 

ABCD 

4 

0.07 

1.22 

ns 

S(A)  Error  1 

15 

0.23 

- 

- 

S(A)B  Error  2 

30 

0.43 

- 

- 

S(A)C  Error  3 

15 

0.15 

- 

- 

S(A)D  Error  4 

15 

0.08 

- 

- 

S(A)BC  Error  5 

30 

0.05 

- 

- 

S(A)BD  Error  6 

30 

0.07 

- 

- 

S(A)CD  Error  7 

15 

0.14 

- 

- 

S(A)BCD  Error  8 

30 

0.05 

- 

- 

TOTAL 

215 

TABLE  041,  "CHANNEL  WIDTH  ANALYSES"  SOURCE  TABLE, 


SMP  SPEED 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

277.99 

65.58 

<  0.001 

B  (Wind  Ratio) 

2 

19.82 

29.79 

<  0.001 

C  (Wind  Side) 

1 

2.95 

1.99 

ns 

D  (Channel  Width) 

1 

228. 31 

119.45 

<  0.001 

AB 

4 

3.46 

5.20 

<  0.01 

AC 

2 

1.26 

0.85 

ns 

AD 

2 

188.44 

61.96 

<  0.001 

BC 

2 

4. 44 

2.61 

ns 

BD 

2 

6.57 

8.73 

<  0.01 

CD 

1 

1.38 

0.85 

ns 

ABC 

4 

2.77 

1.63 

ns 

ABD 

4 

1.72 

2.29 

ns 

ACD 

2 

0.86 

0.05 

ns 

BCD 

2 

1.63 

1.76 

ns 

ABCD 

4 

2.35 

2.54 

ns 

S(A)  Error  1 

15 

4.24 

- 

- 

S(A)B  Error  2 

30 

0. 67 

- 

- 

S(A)C  Error  3 

15 

1.48 

- 

- 

S(A)D  Error  4 

15 

1.91 

- 

- 

S(A)BC  Error  5 

30 

1.70 

- 

- 

S(A)BD  Error  6 

30 

0.75 

- 

- 

S(A)CD  Error  7 

15 

1.63 

- 

- 

S(A)BCD  Error  8 

TOTAL 

30 

215 

0.92 

- 

- 

C-54 


TABLE  050.  "CHANNEL  WIDTH  ANALYSES*  SOURCE  TABLE, 
ZERO  RUDDER  CROSSMGS 


Source  of  Variance 

df 

Mean  Squares 

F 

A  (Ship  Type) 

2 

33.30 

6.85 

B  (Wind  Ratio) 

2 

1.34 

1.10 

C  (Wind  Side) 

1 

1.57 

1.73 

D  (Channel  Width) 

1 

0.17 

0.18 

AB 

4 

0.21 

0.30 

AC 

2 

6.49 

7.14 

AD 

2 

1.35 

1.44 

BC 

2 

0.86 

0.99 

BD 

2 

1.47 

1.83 

CD 

1 

0.21 

0.15 

ABC 

4 

0. 32 

0.37 

ABD 

4 

4.46 

5.58 

ACD 

2 

3.16 

2.27 

BCD 

2 

1.29 

2.04 

ABCD 

4 

1.69 

2.68 

S(A)  Error  1 

15 

4.86 

- 

S(A)B  Error  2 

30 

1.22 

- 

S(A)C  Error  3 

15 

0.91 

- 

S(A)D  Error  4 

15 

0.94 

- 

S(A)BC  Error  5 

30 

0.87 

- 

S(A)BD  Error  6 

30 

0.80 

- 

S(A)CD  Error  7 

15 

1.39 

- 

S(A)BCD  Error  8 

30 

0.63 

- 

TOTAL 


215 
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TABLE  C-51.  RELATIONSHIP  AMONG  MEANS  FOR  CHANNEL  WIDTH  (D) 

BY  PERFORMANCE  MEASURES 


Performance  Measure 

800* 

600* 

Main  Effect 
p  Value 

Absolute  Magnitude  Off- 
Track  Deviation  (Feet) 

94. 32 

67.03 

0.001 

"Factored"  Off-  Track 
Deviation  (Feet) 

74.07 

33.68 

0.001 

Consistency  (Feet) 

38. 14 

36.33 

0.001 

Boundary  Penetration 
(Frequency) 

0.19 

0.16 

Ship  Speed  (Kt) 

5.50 

7.60 

0.001 

Rudder  Angle  (Degrees) 

18.60 

17.41 

ns 

Zero  Rudder  Crossings 

2.78 

2.81 

ns 

(Frequency) 


C -57 


TABLE  C-52.  RELATIONSHIP  AMONG  MEANS  FOR  CHANNEL  WIDTH  (D)  BY  SHIP  TYPE  (A) 


TABLE  C-53L  RELATIONSHIP  AMONG  MEANS  FOR  CHANNEL  WIDTH  (D)  BY  WIND  RATIO  (B) 
FOR  ABSOLUTE  MAGNITUDE  OFF-TRACK  DEVIATION 


C-59 


TABLE  C-57.  RELATIONSHIP  AMONG  MEANS  FOR  SHIP  TYPE  (A),  WIND  RATIO  (B), 
BY  CHANNEL  WIDTH  (D)  FOR  "FACTORED"  OFF-TRACK  DEVIATION 
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p  <  0.05  **  p  <  0.01 


TABLE  C-64.  RELATIONSHIP  AMONG  MEANS  FOR  CHANNEL  WIDTH  (D)  BY  WIND  RATIO  (B) 


TABLE  C-tf.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 
ABSOLUTE  MAGNITUDE  OFF-TRACK  DEVIATION 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

275,721.20 

34.28 

<  0.001 

B  (Wind  Ratio) 

2 

22,305.3 7 

9.24 

<  0.001 

C  (Wind  Side) 

1 

120,742.80 

29.38 

<  0.001 

R  (Rudder  Effect) 

1 

110,092.90 

16. 51 

<  0.001 

AB 

4 

6,835.05 

2.83 

ns 

AC 

2 

8,224.25 

2.00 

ns 

AR 

2 

5,621.88 

0.84 

ns 

BC 

2 

2,440.19 

0.78 

ns 

BR 

2 

7,408. 78 

6.96 

<  0.01 

CR 

1 

24,628.50 

6.65 

<  0.05 

ABC 

4 

4,434.16 

1.42 

ns 

ABR 

4 

13,592.16 

12.77 

<  0.001 

ACR 

2 

4,039.69 

1.09 

ns 

BCR 

2 

1,611.00 

1.14 

ns 

ABCR 

4 

2,067.59 

1.46 

ns 

S(A)  Error  1 

15 

8,042.64 

- 

- 

S(A)B  Error  2 

30 

2,414.48 

- 

- 

S(A)C  Error  3 

15 

4,109.89 

- 

- 

S(A)R  Error  4 

15 

6,666.56 

- 

- 

S(A)BC  Error  5 

30 

3,122.73 

- 

- 

S(A)BR  Error  6 

30 

1,064.44 

- 

- 

S(A)CR  Error  7 

15 

3,703.96 

- 

- 

S(A)BCR  Error  S 

30 

1,418.79 

- 

- 

TOTAL 


215 


TABLE  G-67.  "RUDDER  EFFECT  ANALYSES-  SOURCE  TABLE 
"FACTORED^  OFF-TRACK  DEVIATION 


Source  of  Variance 

df 

Moan  Squares 

F 

P 

A  (Ship  Type) 

2 

367,471.20 

34.38 

<  0.001 

B  (Wind  Ratio) 

2 

164,382.90 

54.06 

<  0.001 

C  (Wind  Side) 

1 

20,519.41 

4.88 

<  0.05 

R  (Rudder  Effect) 

1 

677.88 

0.23 

ns 

AB 

4 

37,057.95 

12.19 

<  0.001 

AC 

2 

13,405.51 

3.19 

ns 

AR 

2 

94,659.62 

32.07 

<  0.001 

BC 

2 

6,409. 26 

1.93 

ns 

BR 

2 

1,044.69 

0.24 

ns 

CR 

1 

6,438.92 

1.13 

ns 

ABC 

4 

5,583.75 

1.68 

ns 

ABR 

4 

28,771.61 

6.62 

<  0.001 

ACR 

2 

1,099. 31 

0.19 

ns 

BCR 

2 

1,297.82 

0.49 

ns 

ABCR 

4 

3,856.46 

1.45 

ns 

S(A)  Error  1 

15 

10,689.00 

- 

- 

S(A)B  Error  2 

30 

3,040.87 

- 

- 

S(A)C  Error  3 

15 

4,206. 61 

- 

- 

S(A)R  Error  4 

15 

2,951.89 

- 

- 

S(A)BC  Error  5 

30 

3,318.50 

- 

- 

S(A)BR  Error  6 

30 

4,345.87 

- 

- 

S(A)CR  Error  7 

15 

5,715.52 

- 

- 

S(A)BCR  Error  8 

TOTAL 

30 

215 

2,662.75 

- 

- 

TABLE  C-6S.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 

CONSISTENCY 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

32,776.25 

20.12 

<  0.001 

B  (Wind  Ratio) 

2 

22,306.80 

51.76 

<  0.001 

C  (Wind  Side) 

1 

230.23 

0.47 

ns 

R  (Rudder  Effect) 

1 

892. 23 

2.17 

ns 

AB 

4 

2,097.98 

4.87 

<  0.01 

AC 

2 

16. 61 

0. 03 

ns 

AR 

2 

27,999.00 

68.16 

<  0.001 

BC 

2 

276.23 

0.57 

ns 

BR 

2 

605.69 

0.72 

ns 

CR 

1 

6,475.04 

10.26 

<  0.01 

ABC 

4 

759. 10 

1.55 

ns 

ABR 

4 

3,738.62 

4. 47 

<  0.01 

ACR 

2 

493. 10 

0.60 

ns 

BCR 

2 

9.73 

0.01 

ns 

ABCR 

4 

681.30 

0.87 

ns 

S(A)  Error  1 

15 

1,629.00 

- 

- 

S(A)B  Error  2 

30 

430.  94 

- 

- 

S(A)C  Error  3 

15 

489. 29 

- 

- 

S(A)R  Error  4 

15 

410.78 

- 

- 

S(A)BC  Error  5 

30 

486.91 

- 

- 

S(A)BR  Error  6 

30 

836.27 

- 

- 

S(A)CR  Error  7 

15 

826. 20 

- 

- 

S(A)BCR  Error  8 

30 

781.69 

_ 

_ 

TOTAL 


215 


TABLE  C-69.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 
BOUNDARY  PENETRATIONS 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

14.37 

60.50 

<  0.001 

B  (Wind  Ratio) 

2 

1.81 

9.48 

<  0.001 

C  (Wind  Side) 

1 

0.67 

2.98 

ns 

R  (Rudder  Effect) 

1 

0.67 

2.19 

ns 

AB 

4 

0.73 

3.82 

<  0.05 

AC 

2 

0.21 

0.95 

ns 

AR 

2 

0.09 

0.28 

ns 

BC 

2 

0.12 

0.92 

ns 

BR 

2 

0. 24 

1.25 

ns 

CR 

1 

0.28 

1.32 

ns 

ABC 

4 

0.45 

3.48 

<  0.05 

ABR 

4 

0.97 

5.15 

<  0.01 

ACR 

2 

0.03 

0.14 

ns 

BCR 

2 

0.06 

0.54 

ns 

ABCR 

4 

0.34 

2.93 

<  0.05 

S(A)  Error  1 

15 

0.24 

- 

- 

S(A)B  Error  2 

30 

0.19 

- 

- 

S(A)C  Error  3 

15 

0.23 

- 

- 

S(A)R  Error  4 

15 

0.31 

- 

- 

S(A)BC  Error  5 

30 

0.13 

- 

- 

S(A)BR  Error  6 

30 

0.19 

- 

- 

S(A)CR  Error  7 

15 

0.21 

- 

- 

S(A)BCR  Error  8 

30 

0.12 

- 

- 

TOTAL 

215 

C-75 


TABLE  C-70.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 

SHIP  SPEED 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

100.16 

17.61 

<  0.001 

B  (Wind  Ratio) 

2 

34.21 

35.02 

<  0.001 

C  (Wind  Side) 

1 

3.96 

6.01 

<  0.05 

R  (Rudder  Effect) 

1 

242. 56 

101.57 

<  0.001 

AB 

4 

0.92 

0.94 

ns 

AC 

2 

3.  IS 

4. 83 

<  0.05 

AR 

2 

19.16 

8.02 

<  0.01 

BC 

2 

4.10 

3.85 

<  0.05 

BR 

2 

15. 37 

18.09 

<  0.001 

CR 

1 

2.09 

3.28 

ns 

ABC 

4 

3.33 

3.13 

<  0.05 

ABR 

4 

0.29 

0.34 

ns 

ACR 

2 

0.75 

1.17 

ns 

BCR 

2 

1.38 

2.69 

ns 

ABCR 

4 

2.28 

4.44 

<  0.01 

S(A)  Error  1 

15 

5.69 

- 

- 

S(A)B  Error  2 

30 

0.98 

- 

- 

S(A)C  Error  3 

15 

0.66 

- 

- 

S(A)R  Error  4 

15 

2.39 

- 

- 

S(A)BC  Error  5 

30 

1.07 

- 

- 

S(A)BR  Error  6 

30 

0.85 

- 

- 

S(A)CR  Error  7 

15 

0.64 

- 

- 

S(A)BCR  Error  S 

30 

0.51 

- 

- 

TOTAL 

215 

TABLE  C-71.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 

RUDDER  ANGLE 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

1,770.49 

30.39 

<  0.001 

B  (Wind  Ratio) 

2 

556.59 

42.63 

<  0.001 

C  (Wind  Side) 

1 

124. 74 

21.53 

<  0.001 

R  (Rudder  Effect) 

1 

1,287.50 

35.05 

<  0.001 

AB 

4 

178.66 

13.68 

<  a ooi 

AC 

2 

38.44 

6.64 

<  0.05 

AR 

2 

32.91 

0.90 

ns 

BC 

2 

5. 61 

0.61 

ns 

BR 

2 

43.14 

4.09 

<  0.05 

CR 

1 

84.73 

9.83 

<  0.01 

ABC 

4 

3.83 

0. 41 

ns 

ABR 

4 

89.85 

8.52 

<  0.001 

ACR 

2 

29.99 

3.48 

ns 

BCR 

2 

2.32 

0.29 

ns 

ABCR 

4 

4.31 

0.54 

ns 

S(A)  Error  1 

15 

58.25 

- 

- 

S(A)B  Error  2 

30 

13.06 

- 

- 

S(A)C  Error  3 

15 

5.79 

- 

- 

S(A)R  Error  4 

15 

36.73 

- 

- 

S(A)BC  Error  5 

30 

9. 26 

- 

- 

S(A)BR  Error  6 

30 

10.54 

- 

- 

S(A)CR  Error  7 

15 

8.  62 

- 

- 

S(A)BCR  Error  S 

30 

7.95 

_ 

_ 

TOTAL 


215 


TABLE  C -72.  "RUDDER  EFFECT  ANALYSES"  SOURCE  TABLE 
ZERO  RUDDER  CROSSINGS 


Source  of  Variance 

df 

Mean  Squares 

F 

P 

A  (Ship  Type) 

2 

17. 55 

3.35 

ns 

B  (Wind  Ratio) 

2 

7.10 

4. 59 

< 

0.0. 

C  (Wind  Side) 

1 

0.46 

0.29 

ns 

R  (Rudder  Effect) 

1 

0. 39 

0.19 

ns 

AB 

4 

1.46 

0.94 

ns 

AC 

2 

2.82 

1.74 

ns 

AR 

2 

4.18 

2.04 

ns 

BC 

2 

0.37 

0.31 

ns 

BR 

2 

3.27 

3.14 

ns 

CR 

1 

2.18 

1.96 

ns 

AoC 

4 

0. 33 

0.28 

ns 

ABR 

4 

2.62 

2.72 

< 

0.0 

ACR 

2 

0.85 

0.77 

ns 

BCR 

2 

4. 36 

3.55 

ABCR 

4 

1.15 

0.93 

ns 

S(A)  Error  1 

15 

5.24 

- 

- 

S(A)B  Error  2 

30 

1.54 

- 

- 

S(A)C  Error  3 

15 

1.62 

- 

- 

S(A)R  Error  4 

15 

2.05 

- 

- 

S(A)BC  Error  5 

30 

1. 18 

- 

- 

S(A)BR  Error  6 

30 

1.04 

- 

- 

S(A)CR  Error  7 

15 

1.11 

- 

- 

S(A)BCR  Error  8 

30 

1.23 

- 

- 

TOTAL 

215 
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TABLE  C-73.  RELATIONSHIP  AMONG  MEANS  FOR  RUDDER 
CLEG  1,  LEG  *)  BY  PERFORMANCE  MEASURE 


Performance  Measure 

Le«l 

Leg  4 

Man  Effe 
p  Value 

Absolute  Magnitude  Off- 
Track  Deviation  (Feet) 

94.32 

139.47 

<  0.001 

"Factored"  Off-  Track 
Deviation  (Feet) 

74.07 

77.62 

ns 

Consistency  (Feet) 

58.14 

54.07 

ns 

Boundary  Penetration 
(Frequency) 

1.26 

1.37 

ns 

Ship  Speed  (Kt) 

5.50 

7.62 

<  0.001 

Rudder  Angle  (Degrees) 

18.60 

13.72 

<  0.001 

Zero  Rudder  Crossings 

2.38 

2.47 

ns 

(Frequency) 


TABLE  C-76.  RELATIONSHIP  AMONG  MEANS  FOR  SHIP  TYPE  (A),  BY  WIND  RATIO  (B), 
BY  RUDDER  EFFECT  (R)  (LEGS  1  AND  4)  FOR  ABSOLUTE  MAGNITUDE  OFF-TRACK  DEVIAT 


p  @  0.05  **  p  @  0.01 


TABLE  C-S2.  RELATIONSHIP  AMONG  MEANS  FOR  SHIP  TYPE  (A),  BY  WIND  RATIO  (B), 
BY  RUDDER  EFFECT  (R)  (LEGS  1  AND  *)  FOR  BOUNDARY  PENETRATION 
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Rudder  Effect 


TABLE  C-S4.  RELATIONSHIP  AMONG  MEANS  FOR  SHIP  TYPE  (A),  BY  WIND  RATIO  (B), 
BY  RUDDER  EFFECT  (R)  (LEGS  1  AND  4)  FOR  BOUNDARY  PENETRATION  FOR  PORT  WIND 


p  @  0.05  **  p  @  0.01 
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UNCLASSIFIED 


COMPARISON  OF  THE  IMPACT  ON  PILOTING  PERFORMANCES  OF  2/2 
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TABLE  C-M  RELATIONS WP  AMONG  MEANS  FOR  SMP  TYPE  (A)  B¥  WIND  RATIO  «B) 


TABLE  090. 


BY  WIND  RATIO  OM  BY  RUDDER  EFFECT  CR>  BY  WMDSRft  40 

FORSMPSPBD 


VM  Scale 
Compfcriaon  40 


LNG 

aoK 

JOK 

8:1 

ns 

ns 

ns 

Leg  1 

10:1 

ns 

ns 

ns 

13:1 

ns 

ns 

ns 

8:1 

*• 

ns 

ns 

Leg* 

10:1 

ns 

ns 

ns 

13:1 

ns 

ns 

ns 

»v. 


**  p  <  0.01 


E  (Experience  Group) 
S(E) 

B  (Wind  Ratio) 

C  (Wind  Side) 


Consistency  (Feet) 

Boundary  Penetration 
(Frequency) 

Ship  Speed  (Kt) 


I 


103.25  <  Ho  <  152.21 
35.30  <  o0  <  73.20 

133.77  <.  W0  <.  1S2. 13 
3*.87  ±  o0  <.  72.32 

1*7.3*  ±  y0  ±  176.80 
21.2*  <o0  <  **.05 


111.60  ±  Vq  <  138.7* 
19.57  <  8,  <.  *0.58 

137.80  <.  Wo  <.  168.70 
22.28  _<  0O  <_  *6.21 

167.09  <  Wo  <  18*. *1 
12. *9  ±  a0  ±  25.90 


57.66  ±  y0  ±  98.2* 

29.27  <.  0o  <.  60.69 

65.1*  <  Uq  <  103.62 

27.75  <.  o0  _<  57.5* 

65.97  <  p0  <  9*.  59 

20.6*  <.  o0  <_  *2.81 


66.52  <.  W0  <.  *1*32 

10.68  ±  aa  <.  22.1* 

68.62  <  y0  <  9*. 5* 

18.69  ±  a0  ±  38.77 

71.17  _<  Wo  <.  93.33 
15.98  ±  a0  ±  33.1* 


*9.90  <_  wo  ±  96.06 

33.28  ±  a0  _<  69.02 

51.76  <.  wo  <.  108.80 
*1.13  ±  a0  ±  85.30 

85.63  <.  wo  <.  1*8.01 
**.98  <  o«  <  93.28 


79.9*  <  p0  <  95.90 

11.50  ±  aQ  <.  23.85 

85.07  <.  W0  <.  108.93 
17.20  ±  aa  ±  35.66 

95.10  <.  wo  <.  120.90 
18.60  <  o«  <  38.58 
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I 

I 


Welcome  aboard  the  SSCAORF.  We 
truat  that  year  participation  In  the 
CAORF  research  program  In  be  a 
stimtiating  and  rewrdng  ode. 

The  purpose  of  this  manuecript  is  to 
provide  you  with  an  orientation  as  to 
what  CAORF  is,  indudte  it  objec¬ 
tives  and  capabilities.  CAORF  (Com¬ 
puter  Aided  Operations  Research 
Facility)  is  the  most  sophisticated  and 
versatile  ship  maneuvering  simulator 
in  the  world  today.  It  was  developed 
by  the  U.S.  Maritime  Administration 
and  is  managed  by  the  National  Mari¬ 
time  Research  Center. 
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o  Bow  and  stern  thnwter  controls, 
thruster  output  indicators  and 
status  lights. 


A  realistic  shipboard  environment  is 
achieved  in  the  CAORF  slmidator  by 
means  of  a  full-scale  wheel  house  with 
a  complement  of  actual  bridge  hard¬ 
ware  that  can  be  found  on  moot  large 
contemporary  merchant  vessels.  The 
wheel  house  is  20  feet  wide  with  a 
depth  of  14  feet.  The  flexible  design 
of  the  bridge  prorides  the  capability 
to  vary  the  equipment  suite  and  physi¬ 
cal  arrangement,  as  desired. 

The  existing  wheel  house  instrumenta¬ 
tion  consists  oft 

o  Two  relative  motion/true  motion 


o  Speed  log  and  shipto  dock. 

o  Rate  of  turn  kidteator. 

o  Communications  equipment  in¬ 

cluding  sound-powered  tele¬ 
phone,  shifs’s  intercom  system, 
single-side-band  HF  radio,  VHF 
ratio  and  shipto  whistle. 

o  Wind  speed  and  drection  indica¬ 
tor. 

o  Lor  an  radio  navigation  equip¬ 

ment. 


radar  sets  with  the  simulator 
capability  of  generating  and  dis¬ 
playing  up  to  40  moving  target 
ships,  and  features  normally 
found  in  the  open  sea,  harbors, 
and  docking  areas,  such  as  navi¬ 
gational  aids  and  shoreline. 

A  computer-aided  collision 
avoidance  system. 


One  of  the  unique  and  more  extra- 
ordnary  features  of  the  CAORF  simu¬ 
lator  is  the  computer-generated  visual 
imagery  projected  using  television 
techniques  which  simdates  the  scene 
of  the  outside  world  as  seen  through 
the  wheel  house  windows.  Around  the 
bridge  is  a  40-foot  dUmeter  cylin¬ 
drical  projection  screen  onto  which 
the  external  situation  is  dspiayed 
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The  conduct  of  experiments  using  the 
CAORF  sbmdator  is  dbrected  toward 
the  achievement  of  the  Maritime 
Administration^  research  goals,  which 
are  threefoldi 


operational  criteria  and 
far  tha  Maritime  industry, 


port  deeign  guidelines.  It  is  with  your 
cooporscfton  avia  partin paTHwi  «•  int 
upcoming  CAORF  experiment  that  we 
hope  to  continue  accomplishing  these 
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Subject 
form.  Figure  D-l. 


Run  Sheet 


General  familiarization  regard* 
ing  CAORF  and  current  experi- 
ment  by  CAMP  Research  staff. 

Bridge  familiarization  by  Con¬ 
trol  Station  staff. 

Maneuvering  Training  by  mate. 

Brief  subject  on  the  channel 
using  harbor  information  sheet 
and  chart  by  CAORF  Research 
staff. 

Explain  unlimited  visibility  con¬ 
ditions  and  emphasize  the  five- 
knot  speed  requirements  for  tile 
runs. 

Advise  subject  that  he  is  to  issue 
only  rudder  commands  to  the 
helm,  no  course  commands,  no 
steady  commands. 

Prior  to  a  run  on  a  particular 
ship  the  channel  depth  and  the 
height  of  the  bonks  as  well  as 
the  shoal  area  should  be  ex¬ 
plained  to  the  subject. 

30,000  DVT  tanker  and  LNG 
Carrier 

Depth  4?  Banks  36' 


80,000  DVT  tanker 
Depth  30' 


Banks  W 


Subject  should  be  adhrised  of  the 
verbal  rapert  requbremenf  of 

tfl8  MRnlCI  WB  WDf®CI 

that  our  interest  lays  in  deter¬ 
mining  what  sources  of  informa¬ 
tion  he  is  uting  and  what  criteria 
are  used  in  leadng  to  a  particu¬ 
lar  command.  For  this  ptwpoee 
he  is  to  comment  on  these  fac¬ 
tors  after  each  command. 

Check  that  the  proper  vessel 
characteristics  booklet  is  on 
bridge  by  mate. 

Base  line  run  (Run  1)  -  mate  on 
bridge. 

Completion  of  initial  Desired 
Track  Sheet  by  CAORF 
Research  staff.  NOTE*  Com¬ 
ments  regarding  DTS  should  be 
tape  recorded  -  tape  number 
and  counter  reading  inserted  on 
Test  Subject  Experience  Run 
Sheet. 

Obtain  optimal/intended  track¬ 
line  from  the  subject  using 
scaled  diagram  and  tape  record 
verbal  comments.  This  should  be 
done  prior  to  the  second  experi¬ 
ment  run  as  well  as  subsequent 
runs  (for  changes).  A  concerted 
effort  should  be  made  to  encour¬ 
age  the  subject  to  provide  infor¬ 
mation  here. 


sap 


ID  MM*  to  note  htim  irtl  spaed 
orders  on  dhta  sheets  (Flgtre  D- 
2)  Muring  ail  runs.  Change  of 
Desired  Track  Sheet  at 


conclusion  of  each  run,  to  be 
nowoe 


12)  Run  (3)  immediately  after  DTS 


13)  Continue  through  Run  (7). 

1%)  Pinal  debriefing  of  subject.  Use 
check  list  for  debriefing. 
Remarks  shorid  be  tape  recorded 
during  all  debriefings  with  tape 
#  and  counter  readbig  inserted 
on  Test  Subject  Experience  Run 
Sheet. 

15)  The  Control  Station  operators 
should  be  aware  of  the  fallowing 
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For  each  experiment,  run  a 
Venal  Characteristics 
chart  far  the  specific  ship 
should  be  placed  on  the 
bridge. 

Wind  noises  properly  set 
for  wind  conditions. 


BRIDGE  TIME  EN6INE  ORDERS  RUDOER  ORDERS 


Flgtro  0-2  Engtnt  and  ftudrfar  Ordtn  Data  Shoot 


